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electronics on-line 


valves on the Internet 


Further to the information in this month’s ‘Extra’ supplement which is entirely 
dedicated to valve technology for audio electronics, we rummaged around 

_on the Internet to see what may be found on this subject. Well, a lot, as it 
turns out, so let’s have a look at some interesting sites. 


by our editorial staff 


If you employ one of the 
search machines available on 
the Internet to look for 
instances of the word ‘tube’ 
or ‘valve’, you will not fail to 
notice that this subject is still 
very much alive. While surf- 
ing the net you will also dis- 
- cover that valves are not 
only popular with the high- 
énd audiophile fraternity. In 
fact, valves are still widely 
used in PA (public address) | 
systems, transmitters, etc. 
Consequently, the informa- 
tion provided by the net on 
valves goes in many directions. To stay 
in line with the subject of this month’s 
supplement, we will limit ourselves to 
audio amplifier designed based on 
valves. 
To start with, have a look at the site 
run by 
~ Evacuated Envelopes - 
the on-line valve amp magazine at 
http://www hillier.demon.co.uk/evac’. 
This site contains lots of informa- 
tion on valve databooks, suppliers of 
Walves and valve-related magazines; 


~ there is even a ‘tube’ newsgroup for 
enthusiasts. 
There are also a number of private 
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individuals who have produced their 
own Web page on the subject of 
valves. For example, 

Kevin's Vacuum Tube Audio Web 
page at 
http:/fwww.ultranet. com ~kennedyk/ 
index.html 

which is packed which data while also 
offering links to other sites. 

Those of you with an interest in the 
designs by H.H. Scott are advised to 
have a look at the 
Vintage H.H. Scott Resources 
posted at 
http://www.pyrotechnics.com 
~byrns/index. html. 
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hottest amplifier designs 
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Here you find a bit of his- 
tory, adjustment tips for the 
amplifiers, and photographs. 
| Circuit diagrams of these 
amplifiers may be found at, 
among others, 

Tube Electronics 
(http:/wwi.ccdemo.org/ 
SportsAndHobhies/ 
TubeElectronics.html), 

There are also valve audio 
fans who have taken the 
trouble of describing and 
showing their (home made) 
valve amplifiers on a web 

«page. Two addresses are 
a worth mentioning. 

Vacuumtube Hi-Fi Audio 
(http://wwiw.noord.bart nl/~ boosters) 
describes, among others, a KT88 30- 
watt monoblock amplifier. 

The Phaeton homepage 
(http://www. xsdall. nl! ~jdekort/home.hinil) 
shows a variety of designs, including 
a preamplifier, a power amplifier and 
a guitar amplifier. 

Finally, if you want to know who is 
still in the business of selling valves, 
several suppliers are present on the 
Internet. The German company 
Schuricht, for example 
(http://wiww.schuricht.de/), supplies lots 
of valves besides other electronic com- 
ponents. 
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Schematic for the output section 


In the electronics industry, Moore's 
law describing the developments in 
microelectronics is a well-known and 
widely accepted hypothesis. Gordon 
Moore, founder of Intel, formulated it 
in 1964 as follows: “The amount of 
information storable on a given 
amount of silicon doubles about every 
year.” 

Since 1970, the doubling period has 
increased to about 18 months. Moore's 
law: can be formulated alternatively as: 
the'size of the details that are carved 

in the semiconductor material decreases 


By Dr T.A.C.M. Claasen 
Director of Research at Philips 
Research Laboratories, Eindhoven 
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During the past twenty-five years, we have wit- 
nessed a rate of progress in information tech- 
nology that seems beyond comprehension. An 
increase in the characteristic parameters by a 
factor of between one thousand and one mil- 
lion has been the rule rather than the excep- 
tion. Progress in, for instance, the field of 
_ transportation took centuries before a factor of 
-@ne thousand was accomplished: a horse cart, 
an early automobile and a supersonic aero- 
plane cover the distance of thirty kilometres in 
one day, one hour, and one minute, respec- 
tively. A factor of one thousand in only ten to 
fifteen years thus means a real revolution. But 
why can we apparently cope so easily with 
this exponential growth. How can we so easily 
absorb and implement such progress without being con- 
fused by its implications? My answer is that the perceived 
_ progress, the increase in usefulness, is not exponential, 
but linear. In other words, usefulness is a logarithmic 


The logarithmic law 


of usefulness 


function of technology. 


by a factor of two every 18 months. 


It is interesting to see that this also 
causes the transmission speed of sig- 
nals between elements to increase and 
the heat dissipation to decrease. All 
well-known stuff and, even though it 
is expected to be limited by hard phys- 
ical or economic boundaries, it still 
holds as - as I will show — will hold for 
a number of years to come. 

What is equally interesting is that 
Moore’s law holds not only for 
progress in microelectronics per se, but 
also for progress in related areas such 
as storage and software. There even 
exists a twin law to Moore’s law, called 
Parkinson's law, that reads: 


memory usage of evolving systems 
tends to double every 18 months. 


How can a society survive twenty-five 
years of exponential technology growth? 


GENERALIZED 
MOORE’S LAW 


A generalized form of Moore's law 
reads: 


all performance indicators applicable 

fo the field of information technology 
improve by a factor of fwo ina period of 

one-and-a-half year to fhree years, 

I will illustrate this with examples for 
three fields in information technology: 
microelectronics, storage and software. 
Firstly, in microelectronic micro- 
processors, dynamic and static ran- 
dom-access memories (DRAMs and 
SRAMs), digital signal processors 
(DSPs) and application-specific inte- 
grated circuits (ASICs) have evolved 
during the past decade in such a way 
that the performance indicators (such 
as the number of transistors per chip 
and the memory size) have increased 
and geometrical feature size and the 
gate delay (related to the operational 
speed of the chips) have decreased. 
This resulted in exponential changes in 
the computing power, the memory 
capacity, and the speed of the chips, 
that is, the functional or secondary 
parameters, as I will call them. The fac- 
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tors indicating this exponential growth 
are different for the different qualities, 
but all are positive, relatively large and 
result in substantial growth, 

Then we have the sforage systems. 
The digital storage media —- magnetic 
and optical discs and tapes — and the 
systems to read and write the data on 
these media have shown enormous 
progress. The performance indicators 
(such as the number of bits per carrier, 
the price per megabit, and the number 
of bits that can be stored or retrieved 
per second) for hard-dise drives 
(HDDs), digital tapes, and Compact 
Discs and their derivatives (CD-ROM 
and CD-i) have obeyed the general- 
ized form of Moore's law without fail- 
ure. This has resulted in the improve- 
ment of the secondary parameters 
which I formulate, once again, as the 
memory size, the speed of data stor- 
age, and the price per bit. The first 
two increase, the last one decreases. 

In the field of software we can think 
of a telephone — now completely built 
in software — the user interface of a 
television set, the set-top boxes needed 
for digital television, and the databases 
together with the browsers that make 
them accessible. The growth these sys- 
tems have gone through is enormous. 
The program size, the number of lines 
of code that are necessary to realize 
their functions, and the amount of 
data needed for this in huge databases 
show exponential growth. 


Developments in these fields have 
not occurred independently of each other. 


The increase in the number of transis- 
tors on a chip design could not be 
managed without the use of com- 
puter-aided design software. And soft- 
ware could not have had such an 
impact if there hadn't been hardware 
systems with chips on which it could 
be run. And this again would not have 
been possible if there hadn't been 
huge and fast storage systems avail- 
able. Whichever way you look at it, it 
is indisputable that enormous progress 
has been made in these fields over, say, 
the past twenty-five years. But will it 
go on for the next twenty-five years? 


HARD LIMITS 

Even when Moore first formulated his 
law, one was more than aware of the 
limits to the growth described by his 
law. You could not shrink dimensions 
endlessly without meeting physical 
limits. However, limits are found not 
only in physics, but also in other areas. 
There are physical, economic, and 
what | will call ‘design’ limits. 


The next ten to fifteen years we will 
have enough room to move on in the 
direction we are now going. 


196! 1970 1975 19801985 1990 1995 
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The examples I gave are randomly 
chosen and many more can be 
thought of without effort. | will start 
with the hard physical limits. If you 
look at, for example, the size of a bit in 
a magnetic medium, it is evident that 
you cannot reduce it below the size of 
the magnetic domains themselves. The 
very properties that allow you to store 
a bit in a small area on the medium 
disappear if you shrink the dimensions 
too much, Now we need an area of 
about 1 m2 to store one bit. Such an 
area contains a number of grains that 
have the magnetic properties neces- 
sary to be able to read and write a bit. 
The size of a magnetic grain is 
0.0007 zm? and since we need — 
because of signal/noise require-ments — 
about one hundred grains in one bit, 
there is still room for improvement 
here. Extrapolating today’s course of 
events, we can diminish the size per 
magnetic bit to 0.07 um2. This leaves 
room for another ten to twelve years 
of improvement in this field. Beyond 
this, thermally stable patterns with one 
magnetic particle per bit can, in prin- 
ciple, be made. A lot of research work 
into the reading and writing mecha- 
nisms will have to be done before this 
can be applied in a working device, 
though. 

In solid-state memories, a similar 
argumentation leads to the conclusion 
that from the one million electrons per 
cell that we have now down to the 
minimum number of one hundred, 
there is still room for improvement. 

However, IC process technology 
may be the limiting factor for progress. 
The smallest details that can be made 
are determined by the smallest fea- 
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tures that can be resolved in lithogra- 
phy, by the optical properties of wafer 
steppers, and the wavelength of the 
light that is used. By using a wave- 
length in the deep ultraviolet region, 
together with improvements of the 
optical system in wafer steppers, it is 
possible for the semiconductor indus- 
try to advance in the chosen direction 
for the next ten to twenty years. 

In optical recording, the bit size 
may also be limited by the wavelength 
of the light that is used to write and 
read the bits. But, in principle, we can 
reduce the wavelength of the lasers 
used in optical recording, provided 
that we can produce working lasers 
with smaller wavelengths. We need 
not be limited to visible light here. 


REAL LIMITS? 

I now come to economic factors. When 
Moore formulated his law, it was esti- 
mated that by the year 2000, the cost 
of starting a new IC factory would be 
one billion dollars. At that time, this 
was a large and unacceptable amount 
of money, especially when compared 
with the four million dollars such a 
factory cost then. However, today 
about twenty new IC factories are 
being built worldwide with each of 
them costing around one billion dol- 
lars. Profits in this sector have risen so 
high, apparently, that this amount of 
money is longer a real limit. At least, 
for the time being it is not. 


Are there no real limits then? Will they 
all shift further away as we near them? 


Tam not so sure about that. There is 
one field that presents us with unsur- 
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Progress in information technology 


Field of information 
technology 


parameter time dependence 


coefficient value 


- computing power exp(C;f) C; = 0.33/year 
Microelectronics - solid-state memory exp(n;f) m,= 0.28/year 
- speed exp(s;t) 8; = 0.75/year 
- memory exp(!r;t) Mo = 0.32/year 
Storage - speed exp(s jt) So = 0.75/year 
~ price/Mbyte exp(-pt) |p = 0.70/year 
Software | - software size exp(Cat) Co = 0.31/year 


Technology is a function of a number of parameters that ail vary exponentially with time. Coefficients 
are large, and roughly vary between 0.25 and 0.75. This implies that technology has advanced in the 
last 75 years by a factor between 518 and 139 x 10°. A large increase indeed. The usefulness has 
not increased with such a large factor, and this brings me to the logarithmic law of usefuiness: 


usefulness = log (technology) 


with technology = f (computing power, speed, memory, ...) and given the exponential increase of the parame- 
ters this results in a linear increase of usefulness with time 


technalogy 


exponential 


usefulness 


logarithmic 


usetulnesa 


linear 


mountable problems and that is the 
third factor | mentioned: the one | 
characterized with ‘design’. Let me 
first give you an idea what I mean by 
taking an example from my own expe- 
rience. When we in Philips Research 
started the IC Design Centre, back in 
1985, | spoke to the plant manager of 
an IC factory in Southampton. In his 
development department, the average 
design efficiency of his projects was 
5000 transistors per man per year. It is 
not so hard to understand that, now 
that chips with a million transistors are 
possible, these cannot be designed by 
one person since it would take 200 
years. It would even take 100 cooper- 
ating people two years, which is too 
long and not manageable. From expe- 
rience, we know that we can do it 


Travelling salesman 


The travelling salesman problem is a well- 
known example of the class of combinatorial 
optimization problems. Given a number of 
towns and the distances between them, what 
is the shortest route a sales representative 
can take to visit each town once? A visit to six 
towns presents 60 possible routes, but one to 
12 towns presents almost 20 million possible 
routes. A visit to n towns presents n!/2n pos- 
sible routes, With the exponentially increasing 
capacity of the computers used to solve this 
problem for a large number of towns, the opti- 
mal solution is approached in ever smaller 
steps. Problems of this sort also exist in IC 
design, where economizing on the length of 
the interconnects is the goal. 


faster, Nowadays, chips containing a 
million transistors are designed by 
teams of a few people in half a year 
(see box on Melzonic). 

Indeed, an exponential increase 
again. But we could not have done 
this without the help of automated 
design tools and methods. And Lam 
confident that we will manage chips 
with 10 million or even 50 million tran- 
sistors in the same period and with the 
same number of people in the coming 
years. It will be hard work, but I have 
a feeling that we will succeed. 

However, I am not so confident 
about design progress in another field: 
that of software. In fact, we are even 
passing an abyss as it were. In soft- 
ware design, a complete transforma- 
tion of the prevailing culture has to 
take place if we are to be able to cope. 

I know of more failures of software 
projects — failures in particular with 
respect to timing — than IC design pro- 
jects dealing with the same amount of 
complexity. Why is that, 1 wonder. One 
aspect, an important one in my opin- 
ion, is that in software design one is 
hindered by the inherently useful 
opportunity of being able to change 
things up to the last minute. Again, 
compared with IC design, where 
every change means a new processing 
cycle of about three months, this looks 
like an advantage, but may dwell be a 
disadvantage after all. In consumer 
products, for instance, there is not 
much re-usable software in existence 
and where it does exist it is not re- 
used. Given the complexity and the 


extent to which software is playing a 
role in today’s progress in technology, 
software designers should and can 
learn a lot from IC designers. Formal 
methods and techniques will have to 
play a larger role than they do today. 
And I think they will. 


None of the foreseen limits will really 

prevent us from advancing further int 

the direction that we have been going 
the past twenty-five years. 


Moore's law, and the generalized form 
of it, will hold for at least another ten 
to fifteen years. 


NEW LAW 

I will now come back to my original 
question. If growth is exponential in so 
many areas, it is surprising that it can 
be absorbed by society. Imagine a 
philosopher coming from a far-away 
galaxy, not yet exposed to microelec- 
tronics. What would she have pre- 
dicted given the sustained sharp expo- 
nential growth of technology over the 
past twenty-five years? Chaos, social dis- 
order, or in any case an unrecognizable 
society is my guess. But we all know 
that we have coped. 


We have been able to absorb this 
technology and use it to increase 
our comfort. Why is that? 


Let me take you back twenty-five 
years. We had a home, a car, a televi- 
sion with six channels, a telephone, a 
tuner, a gramophone, and a newspa- 
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per, and lived comfortably with all 
that. We did not have things that we 
have now, such as a television set with 
up to a hundred channels and a 
remote control, a GSM, a fax, an 
answering machine, a PC with 
CD-ROM, a CD player, a CD-i, a VCR, 
and the Internet. Apparently, new 
products have readily absorbed and 
exploited the possibilities that technol- 
ogy offered. The exponential growth 
in technology has made this possible, 
but although the change is significant 
when you look at it from the user’s 
point of view, this change is not so 
extreme. More so, when you consider 
the changes brought about in society. 
Nowhere is the exponential growth 
explicitly visible. 

{ would now like to postulate a 
new law: the logarithmic law of useful- 
ness. By usefulness, | mean something 
like the impact of technology on our 
daily lives. The law I state holds that 


usefulness is a logarithmic function 
of technology. 


In turn, technology is only a linear 
function of computing power, operat- 
ing speed, memory capacity, and per- 
haps a few other parameters. These 
parameters increase exponentially, as I 
have shown. So, technology increases 
exponentially. In combination with the 
law I stated, this means that usefulness 
increases linearly to an extent that we 
can grasp. I have not derived this new 
law analytically, but neither did Moore 
his law. I will, however, give you some 
examples and some observations from 
which you can get a feeling that the 
law is valid. 


* A telephone handset containing ten 
preset numbers is helpful enough 
for most calls; a base station with 
some hundreds represents the next 
step in usefulness; a telephone 
book with 100,000 numbers will 
help you further, while for all pos- 
sible telephone calls a world base 
with hundreds of millions of sub- 
scriber numbers is needed. The 
technology needed to provide 
these numbers increases exponen- 
tially while the usefulness increases 
only stepwise, 

* If you compare the early personal 
computers with an 8086 processor 
and the operating system MS-DOS 
of ten years ago with today’s Pen- 
tium and Windows 95, you must 
admit that the exponential growth 
in the arithmetic and memory 
capacity, and the number of cade 
lines of the application have indeed 
made computers more useful. But 
not so much more as an exponen- 
tial function would suggest. 

* In speech recognition, a database of 
ten words and a system trained for 
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one speaker make _ hands- 
free dialling possible: simply speak- 
ing the number is sufficient to 
make the connection. Or, the ten 
preset numbers in your handset 
can be accessed with Peter, Mary, 
and so on. A_ thousand-word 
vocabulary that can be recognized 
as coming from more than one 
speaker could make your electronic 
products in the home react to com- 
mands from all members of the 
family. But a true dialogue or a dic- 
tation system requires recognition 
of all possible speakers, of all possi- 
ble words, and thus requires an 
order of magnitude more operating, 
and storage capacity. But in useful- 
ness it is, in my view, just one step 
further. 

* Indata retrieval, you find the same 
hierarchy for a simple dictionary, 
an encyclopedia and the Internet. 

* In data communication, the steps 
from telex to fax to e-mail required 
a huge increase in technological 
power to make incremental steps in 
usefulness possible. 

¢ The software in television sets went 
from 0 byte and 20 push buttons to 
30 kbyte for simple sets to 1 Mbyte 
for high-end television sets, with 
only a modest increase in the actual 
user benefit. 

* Video cassettes of 180 minutes 
allow you to store one movie plus 
a bit of a second one. Tapes with 
twice as much storage capacity are 
not twice as useful, as it is more 
convenient to keep one movie ona 
separate tape. 

* You may find it useful to have a 
thousand books, but if you are 
looking for something special you 
will soon revert to your local library 
of 100,000 books and if you don’t 
find the answer there you may 
revert to the British Library or 
Library of Congress containing all 
books ever printed. 

* A particularly interesting example 
of exponential growth is the evolu- 
tion in communication technology. 
When depicted on a logarithmic 
scale, the traffic intensity shows an 
exponential increase over time. And 
considering the increase in comfort 
or the possibilities for use that this 
technology has brought us, it is 
indeed the one with the greatest 
impact on our lives. 


Apart from these examples, I have a 
few other observations that support 
my law. 

Firstly, seeing and hearing, as exam- 
ples of human perception, are also log- 
arithmic function of the provided 
inputs. Usefulness is also a perceived 
quality. And even when the sensors 
cannot be located and tested for their 
transfer functions, why should this 


Some quantitative data: 
die size 

technology 

number of transistors 
design time 5 
embedded memory size 


quality not also depend logarithmi- 
cally on the inputs? 

Secondly, a large number of the: 
solutions that information technology 
provides fall into the class of combi- 
natorial organization problems (see 
box on travelling salesman). Charac- 
teristically, the number of solutions to 
be investigated, that is, the complexity, 
grows exponentially with the number 
of variables, while the answer only 
brings you one step further. 

Thirdly, we are all familiar with the 
human nature of collecting things until 
we run out of space for storing them, 
Only seldom do we stop collecting 
things because it is no longer useful. 
The advances in technology provide | 
us with exponentially growing cellars 
and attics and we load them with. 
information, only occasionally taking 
out something that we perceive as use- 
ful at that moment. 

So far, my exposé about this new 
law. But what can we conclude from. 
it? What do we learn? How will it 
influence our decisions? In my opin- » 
ion, there are a few things we can 
learn from it. The first is that society. 
can accommodate exponential growth 
of technology without pain. 


We do not have to be afraid that 
technology will take over, because we 
can handle it. 


The second is that if a society wants 
substantial improvements, fo 
instance, to solve such things as traffic 
jams or improve the educational sys- 
tem technologically, fortunes have t 
be spent on research and cevelepyan) 
(R&D) to get there. ere 
And, finally, we in industrial e 
tronics research can still continue 
work, while society eagerly ade 
our results. 
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data 


acquisition system 


hardware and software for an 
intelligent datalogger 


The datalogger 
described in this arti- 
cle captures any 
measurement value 
which can be repre- 
sented as a voltage. 
Nowadays, sensors 
or transducers are 
available for practi- 
cally any physical 
quantity. Because 
these sensors convert 
their measured levels 
into a proportional 
voltage, the datalog- 
ger is suitable for 
many different appli- 
cations, and easily 
adapted to a specific 
task. 


Main Specifications 
es 
¥ autonomous storage of measured valu 


/ up to 8 measurement cae 
/ adjustable interval and num 


ments . 
- ¥ g-bit resolution 
32-kByte non-volatile data memory 


V file format suitable for processing b 
sheet or database program 


er of measure- 


y spread- 
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The function of a datalogger is to cap- 
ture and store a specified number of 
sensor measurement values at prede- 
fined intervals, and transfer the data, 
including date and time, to a PC in the 
form of a file. In this article we will 
look at an intelligent datalogger which 
relies on microprocessor control, and 
reduces the function of the PC to that 
of a terminal for setting the operating 
parameters, and for securing the data 
in DOS text format (for further pro- 
cessing) at the end of a measurement 
session. For the rest, the datalogger 


board works on its own, and may be 
disconnected from the PC. This feature 
is particularly interesting if measure- 
ments are made which take several 
days or even longer. 

The datalogger also has strong 
points when it comes to use ‘on the 
road’. Once the operating parameters 
(configuration data) have been set, 
these are retained in memory, just as 
the measured data (but not the current 
time), even when the supply voltage 
fails. 

The unit is powered by a small 
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mains adaptor, or, in the case of an 
emergency, by a 9-volt battery. This will 
last for a few hours given the datalog- 
ger’s current consumption of 73 mA. 

At the end of a measurement cycle 
the system waits for a command from 
the PC, which tells it to release its mea- 
surement data. The data, in turn, may 
be saved as a file (under DOS) for fur- 
ther processing by a suitable program 
like Lotus, The datalogger and the PC 
use the serial R5232 link for their com- 
munication, 


MICROCONTROLLER 
WITH WATCHDOG 

The circuit diagram in Figure 1 shows 
that the datalogger is a classic micro- 


responsible for the upper eight 
address bits. The RAM used here is a 
type 62256 offering a capacity of 32,768 
words of 8 bits. At eight measurement 
channels, that allows a maximum of 
2048 measurement samples per chan- 
nel, This number increases propor- 
tionally if the number of channels is 
decreased. 

Port 3 has various functions. Port 
lines P3.0 and P3.1 are used for the 
communication with the PC. IC8, a 
MAX232 arranges the conversion of 
TTL signal levels used by the micro- 
controller to the asymmetrical levels 
used on the serial interface. 

Port lines P3.3, P3.4 and P3.5 select 
one of eight channels in the type 4051 
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T4HCT4051 


{C3 = 7T4HCT132 
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controller system built around an 
80C31 (or an 80C51). The microcon- 
troller has access to an EPROM (IC6) 
which acts as a program memory, and 
a RAM (IC7) for data storage. Port 0 of 
the microcontroller supplies the data- 
bits and the lower eight address bits. 
The two bit sets are separated by send- 
ing the ALE (address latch enable) sig- 
nal to a 74HCT573 latch (IC5). Port 2 is 


Elektor Electronics 9/97 


9 
Th. pled 
ci (29) ald 
i} IC3d 


C5 


CS... C9= 1, / 164 


analogue multiplexer. The analogue 
signal at the selected input (Ch1-Ch8) 
arrives at the signal input of the A-D 
converter via the X-output of the 4051. 
The ADC used here is the inexpensive 
and easily controlled ADCO804. 

An analogue-to-digital conversion 
cycle is triggered by a short negative 
pulse at the WR input of the ADC. 
This pulse is supplied by the micro- 


controller, using a write command 
(WR) to port line P3.6. 

After a successful conversion, the 
INTR output of the A-D converter 
goes logic low, telling the controller to 
copy the data and store it in RAM. 
Incidentally, the maximum input volt- 
age range of the A-D converter is 
defined as 0 to +5 V by the ground 
potential at VI— in combination with 
a 2.5-V reference diode, D1. 

To be able to retrieve the RAM con- 
tents (measurement and configuration 
data) even if the supply voltage has 
disappeared, a microprocessor supervi- 
sory circuit type MAX791 has been 
added (IC9). This IC does a lot more 
than just acting as a simple watchdog, 
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2 Interface: 


COMPONENTS LIST 


Resistors: 
R1i,R4,R5 = 10kQ 
Re = 4700 
RS = 1kQ5 


Time 6 
Time 06:90:90 


Capacitors: 

Ci = 150pF ceramic 
G2 = 65pF trimmer 

C3 = 56pF ceramic 

C4 = 100nF Sibatit 
C5-C9 = 1nF 16V radial 
C10 = 10nF 10V radial 
Git = 100uF 16V radial 
C12-C19 = 10nF Sibatit 


Time until next measurement days 9 Time 00:00:00 
Start of measurement: 
Measu taken: 6 
. of power fails: 0 


Status: Batalogger idle 


Display pint: no 7 all 1 F:6.50 Valu 


Semiconductors: 
Di = LMS85LP2.5 
D2 = 1N4148 

D3 = 1N4001 

{C1 = 74HCT4051 
iC2 = ADCOB04LCGN 
IC3 = 74HOT132 
; a IC4 = 80031 
hand, does have a user inter- IC& = 74HOTS7S 


face. It consists of the pro- C6 = 270256 EPROM (order code 


File name: 


Data from datalogger expected! 


Figure 2. Main menu of the control pro- 
gram which runs on the PC. The pro- 
gram is designed to run under DOS 


(DIL40) 


only. Although the program may cause gram proper, called 956510-1) 
erroneous results when run in a DOS DESO8PC.EXE, and a config- IC7 = 62256 (100ns) 
window under Windows 95, the opera- uration file, = DES.INI. C8 = MAX232 


tion of the datalogger hardware is not IC9 = MAX791 


Although the program can be 


affected. 


even if that is its main function. The IC 
monitors the 5-volt supply voltage and 
feeds it to the supply pin of the RAM. 
If the supply voltage at Vcc drops 
below 4.65 V, a 3.6-volt NiCd (nickel- 
cadmium) battery takes over the RAM 
supply. At the same time, the RESET 
output (pin 15) drops low, resetting the 
microcontroller and enabling it to start 
up from a defined state. The same 
action is brought about by a small 
power-up network, R4-C10, or by 
pressing the reset key connected to the 


MR input of the MAX791. 


CONTROL SOFTWARE 

The software written for the data 
acquisition system is divided between 
the microcontroller on the one hand, 
and the PC on the other. No knowl 
edge is required on the EPROM-based 
program executed by the microcon- 
troller, as it remains ‘invisible’ to you, 
the user. The PC software, on the other 


Figure 3. Format of 
3 measurement data file 
(example). 


01.07.1997 
01.07.1997 
01.07.1997 
01.07.1997 
01.07.1997 
01.07.1997 
01.07.1997 
01.07.1997 
01.07.1997 
01.07.1997 


run directly from floppy disk, 

it is recommended to copy all 

files into a suitably named 
subdirectory on the hard disk. 

After the program is launched, the 
display first shows author information 
and then the menu as shown in Fig- 
ure 2. At the right side (fourth line 
from below) you can see the report sta- 
fus: no datalogger connected. This 
changes to datalogger idle when the dat- 
alogger hardware is switched on. At 
the left-hand edge of the screen you 
find seven menu options which may 
be selected with the aid of the arrow 
keys. The selection is confirmed by 
pressing the ‘Enter’ key. To be able to 
enter or change something in the 
right-hand field on the screen, you 
select the relevant parameter with the 
arrow keys, and then confirm the 
highlighted field by pressing ‘Enter’ 
Next, you enter the new parameter 
and again confirm it with Enter. 

Apart from the operating parame- 
ters (system configuration), the right- 
hand side of the screen also shows the 
status of the measurement processor: 


Interface By pressing the Enter key, 
you switch between COMI and 
COM2. 

Time/Date: This indicates the system 
date and time, which also appears in 
the measurement protocol. The 
time/date can only be changed in 
DOS or Windows. 

Test points: The number of measure- 
ment points (between 1 and 8). 

Measurement p. point: The number of 
measurements (equals period/inter- 
val + 1). 

Resp. time of measurement: Duration 
of the measurement (equals 


C10 = 7805 


Miscellaneous: 

X1 = 12 MHz quartz crystal 

Ki = 9-pin sub-D plug, PCB mount 

K2 = 9-pin sub-D socket, PCB 
mount 

K3 = 2-way PCB terminal block, 
raster 5mm 

$1 = push-button, 1 make contact 

BT1 = NiCd battery, 3.6V 60mAh, 
PCB mount 

Plastic enclosure, approx. size 
150x80x45mmn 

PCB, EPROM and disk, set, order 
code 970059-C 
Disk only: order code 956010-1. 


period/number) 

Time_until first measurement: Idle 
time before the first measurement; 
has no effect on period. 

Time between two _measurements: 


The interval between two measure- 
ments (min. 1 5), 


If you only enter the number of mea- 
surement points and measurements, 
the program defaults to an interval of 
a couple of milliseconds. This may be 
very useful for test purposes. 

The next field on the screen con- 
tains only status information which 
does not have to be changed. In addi- 
tion to the two reports already men- 
tioned, two other texts may appear 
after ‘status’: nieasurement tn progress 
and measurement finished. 

The line below status: offers the fol- 
lowing program options: 


Display test points By entering a 
measurement point number (chan- 
nel), or all of them, you call up a 
diagram containing the current val- 
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ues of the selected measurement 
point(s}, whose output values are 
updated every second. 


F allows the input of the A-D con- 
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verter to be scaled. The converter 
supplies a 0 at OV, and 253yjpy at 
+5V. The default value is F=0.5, 
which produces a conversion value 
range of 127.5. F is entered as a four- 
digit number, which (unusually) 
includes the decimal point, if used. 
Negative numbers result in F=0, 
while leading zeroes are not 
required. 


File Name prompts for a DOS file 


name to be entered. If no name is 
entered, an error message is pro- 
duced when STORE is selected. 


Comment enables you to insert any 


comment which you consider use- 
ful in the first line of the measure- 
ment file. If no comment is entered, 
the first line remains empty. 


21 » 


At the left-hand side of the screen 
seven menu options may be seen. 
They have the folowing meaning: 


STATUS 
The display indicates current infor- 
mation on the status of the mea- 
surement sequence. Obviously this 
requires that the datalogger is con- 
nected to the PC. 


START 
The values entered in the right- 
hand side section of the screen are 
transferred to the datalogger, and 
the actual measurement is launched. 


STOP 
The measurement is halted and can 
not be continued. The measured 
values captured so far are not lost, 
however. 


TRANSFER 
The measurement data are copied 
from the datalogger RAM to the 
memory in the PC, 


STORE 
The data received from the datalog- 
ger are saved (stored) on a disk, 
using the file format described 
below. Beforehand, you have to 
enter a name using File name. 


CLEAR 
Erase the measurement data in the 
datalogger. 


END 
Quits the program after an “are you 
sure’ prompt. 


The format of the file containing the 
measurement values can be read with- 
out problems by data crunching pro- 
grams like Lotus or dBase. 

An example of the file format is 
shown in Figure 3. The file consists of 
lines, each of which is terminated with 
a <CR> (carriage return). The first 
line contains your comment or just 
spaces. 

Each next line starts with the date: 
day of the month (2 positions), month 
(2 positions) and year (yes, four posi- 
tions), all’ separated by dots. Then, 
after a space, follows the time, which 
is displayed using the format 
[hh:mm:ss]. After another space follow 
the data for measurement point 1, con- 
sisting of five digits (3 digits before, 
and one behind the decimal point). 
This pattern is repeated in accordance 
with the number of measurement 
points (channels) in use. The data are 
separated by spaces. 


CONSTRUCTION AND 
ADJUSTMENT 

The copper track pattern and compo- 
nent overlay of the double-sided board 
designed for the datalogger are shown 
in Figure 4. This board is available 
ready-made in combination with the 
pre-programmed microcontroller and 
the control program on disk. For 
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ordering information, please refer to 
the Readers Services page elsewhere 
in this issue. 

Building up the board should not 
present problems, mainly thanks to 
the fact that all ICs may be mounted 
in sockets. Do note the polarity of the 
electrolytic capacitors and ICs, how- 
ever! 

Also be sure to fit the right connec- 
tors in positions K1 and K2: K1 calls for 
a 9-way sub-D plug (i.e. a male con- 
nector), while a 9-way sub-D socket 
(i.e. a female connector) is used in 
position K2. 

The completed board is mounted 
in a small plastic (ABS) case, which 
should provide access to the supply 
socket, the sub-D connectors and, of 
course, the reset push-button. The lat- 
ter is preferably mounted in a recessed 
position, though, to prevent the data- 
logger being reset by accident. 

Because the timing of the datalog- 
ger is totally dependent on the micro- 
controller’s clock signal (which is 
adjusted with C2), you only have to 
select a measurement interval of 1s 
using the control program (1 test 
point, 1s), and check the correspond- 
ing frequency of 1 Hz at pin 5 of the A- 
D converter. Alternatively, temporarily 
insert a 560-pF capacitor between C3 
and ground, connect a frequency 
meter across the 560-pF cap, and 
adjust C2 to 12.000 MHz at the highest 
precision you can obtain. Remove the 
560-pF cap after this setting. — 70ns»-1) 
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A minum amount of 
hardware is needed to 
build a chipcard 
reader/programmer that 
- enables you to use a PC 
to examine the electronic 
contents of, among oth- 
ers, telephone cards 
(interesting stuff for col- 
lectors!). Moreover, the 
circuit allows the user to 
re-program the non-pro- 
tected parts of expired 
chipcards, giving them a 
3 new application, for 
- example, in an electronic 
; door lock system. 


PARALLEL PORT 
WORKS IN 
SERIAL MODE 
There’s practically no limit to what can 
be done with the parallel and serial 
ports on your PC. You may have seen 
serial interfaces used as quasi-parallel 
input/output ports. For the present 
project, we're going to use a parallel 
port to convey data in serial fashion! 

The use of serial data transfer for 
the present project is not surprising 
because most of you will be aware of 
the fact that a chipcard has relatively 
few contacts (six or eight), of which 
three are claimed by the ground 
(GND) and supply connections (V,. 
and V,, or V..). 

In addition to an input/output line 
(or just an output in some cases) a 
chipcard normally has a CLOCK input 
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chipcard 


reader/programmer 


interrogate those flexible friends 


Arine 
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and a RESET input, all usually operat- 
ing at TTL levels (0 V and +5 V). 

A parallel port as available on your 
PC offers an ample number of input 
and output lines which are perfectly 
compatible with the said switching 
levels. In fact, all you have to do is 
decide which of the two parallel ports 
on your PC, LPT1: or LPT2:, is free to 
do the talking with the chipcard 
reader/programmer described in this 
article. 

As promised, the circuit diagram 
shown in Figure 1 is very uncompli- 
cated, in fact it boils down to a num- 
ber of direct connections between the 
parallel port lines and the connector 
on the chipeard. 

Some components had to be 
added, though, and they have the fol- 
lowing functions: 

- RI limits the current which may be 
drawn from the V., supply when a 
short circuit occurs as a chipeard is 
inserted in the connector. 

- R2 is a pull-up resistor which is 
needed with chipcards of the ‘open- 
drain’ type. For these cards, the BUSY 
line of a PC parallel port does not pro- 


ee 60 
: a 


vide the right resistor value, so a small 
correction is necessary. 

- The function of resistor R3 is similar 
to that of R1, but then for the pro- 
gramming voltage supply (Vip) This 
voltage, incidentally, is only used when 
writing into cards having an NMOS 
EPROM (‘first generation’ telephone 
cards generally known as ‘T1G’ types 
in France, and called ‘GPM256' by 
GEMPLUS). By contrast, most of 
today’s chipcards are manufactured in 
single-supply (5 V) CMOS EEPROM 
technology. 

- Cl and C2 help to decouple the two 
supply voltages V,, and V,,,. These 
capacitors are essential in view of the 
fast rising edges of the control signals. 
- Diodes D1 and D2 ensure that the 
Vp » connection of any chipeard 
inserted into the reader/programmer 
socket is held at 5 V even if no V,, 
supply is connected. Although the 
absence of this voltage is tolerated by, 
for example, TMS3561 chips from Texas 
Instruments, it disables any reading of 
ET1001 chips from SGS-Thomson. 

- Diode D3, finally, plays an important 
role with the most recent card types 
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whose DATA line is not just an output, 
but also an input. The diode allows a 
low logic level to be forced by actuat- 
ing the STROBE line on the parallel 
port, while the logic ‘1’ level corre- 
sponds to a ‘high impedance’ state (D3 
blocked). The presence of this diode is 
particularly indispensable if you want 
to read or program chipcards which 
use the I?C protocol. 


PRACTICAL REALIZATION 
As may be expected, the artwork for 
the printed circuit board (Figure 2) is 
limited to a very small number of sol- 
der pads and copper tracks, arranged 
at one side of the board. The chipcard 
connector (an ITT-Cannon type) and a 
PCB-style 235-pin sub-D plug are 
directly fitted on to the board in accor- 
dance with the component mounting 
plan shown in Figure 2b, as are the 
two terminal blocks for the V,,. and 
be a 

e large majority of chipcards 
having the ‘TSO’ layout from now on, 
the brush contact configuration for the 
now obsolete ‘AFNOR’ type of chip- 
card (a relic from France) is not imple- 
mented. If, in a rare case, you should 
want to use a card with the chip fitted 
in the AFNOR’ position, it is sufficient 
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to solder eight short isolated wires 
between the pins with the same name 
on the connector (1 to 1, 2 to 2, and so 
on, through 8). This little modification, 
although rarely required, is surely pre- 
ferred over designing and etching a 
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-------------- CARTE.4TH ----------- 


ao--- READ PHONECARDS USING FORTH 
100 MSDOS 
INCLUDE DISPLAY1.4th 
\ declarations: 


UNSETUP-VID ; 
INCLUDE DISPLAY2.4TH 


double-sided printed circuit board... 
More information on AFNOR cards 
may be found in the February 1997 
article. Remember, the ISO and 
AFNOR contact groups may be con- 
nected in parallel inside the card 
reader module. 


SETTING UP 
Having populated the board and 


4101 ~~: 1000 0010 1114 
1110 1010 0001 0001 
0000 0000 0000 0000 
0000 0000 1144 1114 
1141 1111 1144 1411 
1111 1111 1111 1111 
1111 4111 1114 1114 
1114 11411 1114 1114 
1111 1411 4111 1114 
1111 4441 4111 1114 
1411 1144 1111 1111 
4111 1111 1441 4111 
4111 1111 1144 1411 
1444 1114 1114 4411 
1411 1111 1111 1114 


\ directive to create .COM file 


632 CONSTANT OUT \ 632 for LPT2: 888 for LPT1l: 
633 CONSTANT INP \ 633 for LPT2: 889 for LPT1: 
VARIABLE CPT \ bit counter for lus 
: MAIN \ start of main program 
SETUP-VID 
0 OUT PC! \ no voltage on any of the card lines 
250 OUT PC! 248 OUT PC! \ RESET card 
8 0 DO \ 8 lines for card image 
8 0 DO \ 8 blocks of 4 bits for each line 
0 CPT | \ first bit 
BEGIN 
249 OUT PC! \ one bit output by card 
INP Pcé \ read bit on parallel port 
128 AND 0= \ read BUSY line 
IF 49 EMIT \ display a bit which is at 1 
ELSE 48 EMIT \ display a bit which is at 0 
THEN 32 EMIT \ display space after each bit 
251 OUT PC! \ advance card address counter 
CPT @ 1 + DUP CPT ! 3 > \ counting of displayed bits 
UNTIL 32 EMIT \ display a space for every 4 bits 
LOOP \ next bit 
CR \ return to line 
LOOP 


INCLUDE FORTHLIB.SCR \ load standard FORTH library 
END \ compile the program 
\ (¢)1995 Patrick GUEULLE 


checked it, you may connect the 
teader/programmer unit to one of the 
parallel ports of your PC. 

It makes no difference whether you 
choose to use LPT1: or LPT2: as the 
programs developed for this project 
have an internal function which 
enables them to detect the attached 
hardware automatically. 

Since two parallel ports are usually 


“4100-1010 
1000 1110 1100 0100 
0000 0000 0000 ~—an00 


1411 1100 


1111 1114 1411 1111 
1114 1114 1111 1111 
1111 1111 W414 1111 
1711 1111 1111 1411 
W441 1111 1114 W11 
1411 1111 1111 1111 
1114 1111 1111 1141 
1114 W411 41111 1111 
1111 1111 1111 1117 
1111 1111 1111 1111 
1111 1111 1411 1111 
W111 1111 1411 4111 


{1111 1111 1111 1111 pig bi Wa 1111 1111 


available, the most logical choice 
would be to use LPT2: for the chipcard 
reader/programmer, and reserve LPT1: 
for the printer (PRN) which is very 
useful for producing hard copy of 
‘card images’ displayed on the screen 
by our programs. 

The chipcard reader/programmer is 
connected to the PC’s parallel port 
using a 25-way cable of the ‘extension’ 
type (having a plug at one end, and a 
socket at the other), or a male-to-male 
cable in combination with a gender 
changer. 

Either way, you have to ensure that 
the pins 1, 2, 3, 4,9, 10, 11 and 25 have 
a 1-to-] connection between the cable 
ends, Certain R5232 cables, in partic- 
ular those of the ‘zero-modem’ type, 
are definitely not suitable! 

Although the length of the cable 
(flatcable or shielded) may be up to 
1 metre, some 50cm will usually be 
long enough to be able to locate the 
read/write unit near the keyboard. 

The 5-volt supply voltage is readily 
‘borrowed’ from pin 1 of the 15-way 
joystick connector which is available 
on most ‘multi-l’O’ cards. Lacking 
such a card, your benchtop power 
supply will do the job equally well. 
Alternatively, even a 4.5-volt battery 
may be used. 

The supply is only loaded when a 
card is inserted into the cardreader 
socket, which has a special detector for 
this purpose. The V,,,, supply, by con- 
trast, may only be switched on if the 
relevant program prompts you to do 
so by means of a screen message. Of 
course, the programming supply may 
also be switched on during your 
experiments, but only if you know 
what you are doing! In any case, it 
must be removed before the V,.. volt- 
age, in other words, before the card is 
pulled from the connector. Remember, 
EPROM memories will not survive the 
presence of the programming voltage 
ee) when there is no regular supply 
voltage (V,,)! 

So, you are well advised to use a 
benchtop power supply set to 21V 
(and having an on/off switch). If you 
want to experiment with card pro- 
gramming, the PSU output voltage is 
connected to the V,,, terminal block 
pins. 


THE CONTROL SOFTWARE 
If the present ultra-simple circuit is 
capable of handling nearly all current 
chipcards of the ‘synchronous’ type, 
you really should not be satisfied with 
general-purpose software to perform 
the large variety of experiments 
offered by the project. We have col- 
lected (on a disk) a number of pro- 
grams, each dedicated to a specific 
card family: Eurochip and look-alikes, 
GPM256 and others of the T1G family, 
French T2G types and similar cards, 
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and, finally, 2C chipeards (chiefly the 
D2000 and D4000 types from Philips). 

Also on the disk are a number of 
utility programs which allow you to 
start exploring the wonderful world of 
chipcards, even if you happen to have 
a totally unknown card: a souvenir 
from a trip abroad, a bus card, a park- 
ing or carwash card, or even a cus- 
tomer identity/discount card you 
received in a department store. Plain 
curiosity in this field allows you to dis- 
cover many things for yourself 

Getting the plethora of functions 
offered by all card types to work (in 
particular, writing) calls for loads of 
information which is not always easy 
to obtain. Our collection of software 
utilities is the result of several years of 
patient research. To illustrate this, Fig- 
ure 3 shows the listing of the routine 
reserved for the reading of GPM256 
cards. This program (extract) displays 
the well established format of eight 
lines of eight blocks, each consisting of 
four bits. 

The fact that FORTH is used as the 
programming language may come as 
a surprise in these days of C++ and 
Visual BASIC. 

The use of FORTH presents a num- 
ber of advantages for this type of 
application: to begin with, there’s the 
possibility to produce very fast signals 
without recourse to assembler code 
(remember, chipcards may be clocked 
at frequencies of several MHz). 

Even if you are not familiar with 
the syntax of the FORTH program- 
ming language, it is not difficult to dis- 
cover that the CLOCK and RESET sig- 
nals for the chipcard are created by 
manipulating the bits of port 632 (for 
LPT2:), and that the data produced by 
the card are read by masking the most- 
significant bit (value 128 in decimal) of 
port 633 (i.e., the BUSY line), 


EURO CHIPCARDS AND 
LOOK-ALIKES 

The program ELEKEURO.EXE on the 
diskette allows you to perform read 
and write operations in the memory of 
chipcards derived from the German 
“Telefonkarte’, 

Actually, this group not only 
includes chipeards known under the 
name ‘Eurochip’, but also all those of 
the preceding generation, which are 
still widely used in lots of applications. 

This software exploits the ‘normal’ 
functional mode of these cards, thus 
offering ‘sequential’ access to their 
memories. 

As soon as a card is inserted and 
reset (this happens automatically), the 
first bit in its memory is displayed. You 
simply press the spacebar to move on 
to the next bit, with a possibility for 
auto-repeat if you want to move on 
rapidly. 

Figure 4 shows the results obtained 
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in this way. It is always possible to 
have everything printed on paper by 
doing a ‘print screen’. 

As you can see, the maximum 
number of bits that can be read is 512. 
Although this amount is necessary to 
fully explore the most recent cards, the 
address counter may finish much ear- 
lier (from the 128¢® bit for the simplest 
cards). 

Provided the current bit is located 
in a zone which is not protected 
against writing, it may be changed to 0 
if it is still atl. This is achieved by 
pressing the + key on the numerical 
keypad. 

The display readout will not be 
affected by this because the relevant 
bit was already read, and it is not pos- 
sible to make the address counter do 
another round without resetting it to 
zero (using the RESET command, or 
by removing and inserting the card). 

Likewise, if you press the - 
(minus) key on the numerical keypad, 
you not only change the current bit 
to 0, but also reset the eight bits of the 
least-significant (LS) address counter 
to 1. 

Obviously this ‘retention’ function 


1100 O111. 
1011 1114 
1011 4111 
1114 1411 
1114 1111 
0000 0000 
0000 0000 
0000 0000 


| WARNING: Switch the V5, OFF! 


only works if the current bit is located 
in another counter than the LS one. In 
all other cases, the — key has the same 
effect as the + key. 

It is possible to leave the program 
at any point by pressing the Esc(ape) 
key, in which case there is no inter- 
vening write action. 

To begin reading at start of the 
memory, and view the effects of any 
previous ‘manipulations’, all you have 
to do is launch the program again (for 
example, by pressing the F3 key). 


GPM256 CHIPCARDS 
AND OTHER T1G’s 

The program ELEKT1G.EXE enables 
you to read and write, on a bit for bit 
basis, the memory of 15t generation 
telephone cards used in France and a 


number of other countries which have 
remained faithful to this technology. 
The same program also reads and 
writes all other cards having a 256-bit 
EPROM. 

Of course, the area corresponding 
to the first 96 bits is forever read-only, the 
fuse protecting it having been blown 
before the card went into circulation. 
Figure 5 shows what the working 
screen of the program looks like. It is 
much simpler than that of the previ- 
ously discussed program mainly 
because these old cards do not have a 
‘retention’ function. 

Starting from the 97* bit (start of 
the fourth line) it is possible to turn 
any individual bit which is at 0 into 
a1. In practice, this type of operation 
will only apply to the area which 
remains unused after all phone billing 
units have been used up, simply 
because it is unlikely that you wish to 
lower the ‘credit’ amount of cards 
which are still usable... 

An interesting possibility for practi- 
cal use is to ‘personalize’ expired tele- 
phone cards and so enable them to be 
used for electronic door openers or 
information security locks. 


T2G’s AND 
DERIVATIVES 

The program ELEKT2G.EXE is specif- 
ically aimed at telephone cards of the 
‘2nd generation’ in France (T2G), as 
well as cards having SGS-Thomson 
chips using the same technology 
(ST1331, ST1333 ete.). 

What you see in Figure 6 bears 
great resemblance to the Eurochip, 
because a ‘retention’ mechanism is also 
available. 

The main difference is that ‘blank’ 
means a0 on a T2G card (as with the 
T1G). Consequently the + key serves 
to change 0's into 1's. 

The - key allows all bits of a 
counter to be reset to 0, while at the 
same time a 1 is written in the counter 
with the next higher significance level. 


29 


It will be obvious that powerful 
security mechanisms are implemented 
on these cards to prevent the above 
operation from being applied to 
‘charge’ expired cards! 


I7C CHIPCARDS 

By producing the D2000 card 
(256 bytes) and the D4000 (512 bytes) 
Philips finally falls in line with the 
standardized card pinout laid down in 


1000 “0100 0000 0010 0000 0000 0001 the [807816 standard. Before the 
0100 1001 0000 1001 0000 0000 0101 D2000 and 14000, Philips (in a head- 
0000 0000 = «0000s 1111 0000011 strong and non-conformist way) used 
ott 1114 1111 0001 0000 = 0001 1001 to market chipcards based on the 
4444 1441 4111 14414 4411 4111 W144 PCF8582 chip. 

144 4111 4111 1111 4411 4114 1411 The result of this evolution is that 
0000 0000 0000 0000 0000 0000 0000 our chipcard reader/programmer is 
0000 0000 0000 0000 0000 0000 0000 perfectly capable of reading and pro- 
0111 1111 1111 0000 0000 0000 0000 gramming the memory of these com- 
1111 1411 1111 1111 1414 1111 1411 mercially available cards. These cards 
W401 1411 1114 1114 1411 1114 1111 are also relatively cheap and have a 
W414 1411 1111 1114 1111 1111 1411 large capacity (2,048 and 4,096 bits 
1444 1111 1114 1114 1111 1111 1411 respectively). 

1414 W411 1111 1141 1111 1111 4111 The fact that these cards offer 


171 205 239 0 17 34 51 68 255 255 255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 265 255 255 255 
255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 255 
255 255 255 255 255 255 255 255 
| The above data are saved into 1@C.ROM 


totally free access, ie., they have no 
protection whatsoever, neither for 
reading nor writing, makes them very 
interesting to us. 

As opposed to synchronous 
1SO7816 cards, I?C chipcards are not 
accessible on a bit-for-bit basis, but 
byte-for-byte, in sequential or random 
fashion. 

The upshot is that the operation of 
the utility to read these cards, 
ELEKLI2C.EXE, differs considerably 
from the other programs discussed so 
far. 

Sequentially reading a given num- 
ber of bytes starting at the first (in most 
cases, the entire card contents will be 
read), the program displays data as a 
set of decimal values (Figure 7), all of 
which are saved in an ASCII file called 
I2C.ROM. 

The file format, free format decimal, 
is compatible with many conversion 
utilities, for example, to binary or hexa- 
decimal. 

It is, in any case, directly usable by 
the chipcard write utility on the disk, 
ELEKPI2C.EXE, which allows you to 
544 (220h) 0000 make a copy of the card in the simplest 
576 (240h) 0000 way you could think of. 

608 (260h) 1111 ery | It is interesting to note that ‘blank’ 


(Oh) 
32 (20h) 0000 
64 (40h) 0000 
96 (60h) 1111 
428 (80h) 1114 
160 (AOh) 1111 
192 (COh) 1111 
224 (EOh) 1111 
256 (100h) 1111 
288 (120h) 1111 
320 (140h) 1114 
352 (160h) 1111 
384 (180h) 1111 
416 (1A0h) 1111 
448 (1COh) 1114 
480 (1E0h) 0110 
512 (200h) 1010 
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on these cards means ‘1’, in other 
words, all bytes read FF, (2564) when 
the card is new, and any bit can be 
changed from 1 to 0 and vice versa. 


Two CARD EXPLORER 
PROGRAMS 


Each of the software utilities discussed 
so far is aimed at one particular family 
of chipcards. It is not possible, for 
example, to analyse a Eurochip using 
the program intended for TIG or T2G 
cards, because the RESET sequence of 
the latter two is interpreted as an UP 
command by the Eurochip! 

The utility ELEKTCAR.EXE on the 
diskette enables you to take an 
exploratory look at any unknown 
chipeard, as long as it is of the syn- 
chronous type. In other words, this 
program is not suitable for I2C chip- 
cards (which is easy to verify using 
LECTI2C.EXE which will reject non- 
PC cards). 

This program does not aim to per- 
form a forced RESET, but starts by 
reading the card ‘as is’ after it is pow- 
ered up. 

Although there is no way to guar- 
antee it, experience indicates that this 
method can be expected to provide 
access to the first bit on the card. 

Reading the bits one after another 


FPe[e°ee0eCc0o0oseCeOecooaG ao coco 
7 OF OF 994 040+040+04- 0) 
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should enable you to discover the 
moment when the address counter 
completes its cycle and points to the 
start again. 

In the example shown in Figure 8, 
that obviously happens at address 512, 
and it gives reason to assume that we 
are dealing with a Eurochip. This 
assumption is easily confirmed by 
reading the card with the aid of 
ELEKEURO.EXE, which should pro- 
duce exactly the same results (a one- 
bit offset should point in the direction 
of a T2G card). 

Each line of the card image is iden- 
tified by the addresses (in decimal and 
hexadecimal notation) of its first and 
last bits. This enables you (or the PC) 
to do cross-checks against memory 
maps. Actually doing this may prompt 
the card to reveal (reluctantly, some- 
times...) its manufacturer and/or that 
of the chip. 

Figure 9 shows an example of the 
data extracted from an SGS-Thomson 
card on their chips called $T1331 (3- 
wire protocol) and ST1336 (2-wire pro- 
tocol). 

Finally, the program 
ELEKTISO.EXE is a kind of ‘final 
weapon’ because it allows you to 
apply slow-motion trigger signals to 
each individual input of any card. This 
puts you in a position to examine the 
response appearing at the card output. 

After being launched, this program 
resets ISO contacts 2, 3 and 4, yet 
leaves the card output (ISO 7) in high- 
impedance mode. 

To change the logic level of the 
ISO 3 contact, for example, all you 
have to do is press the F3 key, and so 
on for chip contacts ISO 2 and ISO 4. 

The case of ISO 7 is more complex 
because we are looking at an output 
line which doubles as an input on cer- 
tain card types! In the high-impedance 
(‘inactive’) state, this line is logic high. 
It can be made logic low by the card 
itself, or by pressing the F7 key, 

The example shown in Figure 10 
illustrates an analysis session on the 
simplest of cards, the GPM256. You 
will easily recognize the RESET 
sequence, and then the reading of one 
bit after another by controlling the 
ISO 3 contact (which receives the clock 
signal), 

This ‘truth table’, which may be 
printed in chunks, may be ‘unrolled’ 
to any length you want, this is just a 
matter of patience and structured 
working. For your convenience, a line 
containing a legend to the map is auto- 
matically inserted when the previous 
line is moved off the screen. 

This program is great for experi- 
ments with simple write sequences 
(Figure 11a) and write sequences with 
retention (Figure 11b). These 
sequences may include those as 
described by Siemens for their 


IN FINAL 
eee ee APPLICATION 
CIRCUIT IDENTIFICATION | 16 Bits. 


APPLICATION 


FREAD, WRITE 


READ 
ONLY 


READ, 
WRITE, 
ERASE 
USER DEFINED READ 
56 Bits WRITE, 
hon biped 


era 4 


wneane | sm 


SLE4406, the forerunner of all 
Eurochips. 

All programs mentioned in this arti- 
cle are available on a diskette which 
may be obtained through our Readers 
Services. The order code is 976010-1. 
For price and ordering information 
please refer to the Readers Services 
page elsewhere in this issue. 
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oday there are so many 
ariants of surround sound 
in circulation that even 
rofessional audio engi- 
neers find it difficult to 
keep track of them and 
Ne various standards of 
multichannel audio equip- 
ment. In this article we will 
endeavour to give a pot- 
ted history of the system 
‘ollowed by an overview of 
the latest developments 
and terms used in the 
ndustry, such as AC-3, 
irtual Surround, MPEG, 
rround 5.1, RSX3D, and 
associated matters. 
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Spatial digital sound in the living room 


‘Gn eae ADVANCED 
TELEVISION 

———_—_—_——— SYSTEMS 

BE committee 


DIGITAL 


Ree ENS 


Veigital Satellite Source 


INTRODUCTION 

From the birth of audio in the 1920s 
until the 1980s, the formats used in 
audio systems for film, television, hi-fi, 
and computers were readily recogniz- 
able. The different systems grew and 
developed independently of one 
another. Over the past ten years or so, 
there has been a clear change in this, 
mainly owing to the development of 
surround sound. 


FROM MAGNETIC 
RECORDING TO 
DIGITAL DATA 

In the early 1950s, when a new sound 
dimension, stereo, was introduced and 
television was becoming serious com- 
petition for the cinema, work was 
already progressing on new wideband 
film formats (35 mm and 70 mm). Dur- 
ing that period, the first commercially 
applicable multichannel audio systems 
appeared on the market (at first for use 
on airports for recording conversations 
between control tower and aircraft). 
The various sound channels were 
stored on film via different magnetic 
tracks. Cinema projectors were fitted 
with similar magnetic heads, so that 
the film sound tracks could be repro- 
duced in the cinema via a number of 
loudspeakers. The multi-channel 
audio format comprised a left and a 


right front channel, a centre channel, 
as well as a separate bass and rear 
channel. Owing to its high cost, this 
system was little used until the 1970s. 
In the intervening period, sound tech- 
nicians experimented with the rear 
channel, mainly to reproduce back- 
ground sound. 

In consumer audio equipment, two 
channels were the norm since long- 
playing vinyl records could not contain 
more than two channels. True, there 
was an attempt at four-channel 
(quadraphonic) equipment, but owing 
to mutually incompatible coding and 
decoding systems, coupled with poor 
marketing, this system did not last long. 

Television sound was, until not all 
that long ago, so poor that even ampli- 
fiers from the early 1950s sounded bet- 
ter. Even today, there are more monau- 
ral TV receivers on the market than 
stereo models. 


THE VIDEO 
REVOLUTION 

In the mid 1970s, the first consumer 
video recorders came on to the market. 
These were intended primarily for 
recording television programs, but the 
public soon found that they could be 
used for copying feature films. This 
coincidental development became the 
foundation of a now well-established 
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source material coded 
for surround sound 


industry for the production, sales, and 
rental of video cassettes. An initially 
nervous film industry soon discovered 
that here was a totally new market for 
feature films, old and new. This was 
welcome news, because in those years 
the cinema was going through a bad 
patch. (From the early 1980s to the pre- 
sent day, it has,showever, been steadily 
regaining lost ground from television 
owing to the poor quality of TV pro- 
grammes and the never-ending 
repeats). Moreover, it gave the televi- 
sion set in the living room a second 
function: that of video monitor. Just 
like sound equipment, the TV receiver 
could be used with more than one sig- 
nal source, 

In the 1980s, the sound quality of 
video and TV systems as well as that 
of the pre-recorded video cassette 
became immeasurably better. The 
tinny sound from the TY set that had 
to be endured until well into this 
decade became hi-fi stereo sound. It 
started with pre-recorded video cas- 
settes, but television broadcasting sta- 
tions soon followed suit. This meant 
that high-quality audio equipment 
could also be used for the reproduc- 
tion of television and video sound. 

The sound quality of consumer 
audio systems had begun to improve 
in the early 1980s ~ a process started in 
Japan. The development by Philips 
and Sony of the compact disk in the 
mid 1980s, and new audio systems for 
use in the car as well as the Sony 
Walkman!) radio receivers changed 
the audio scene, at least in the western 
world, within a few years. 

Young people who have grown up 
with high-quality audio and video 
equipment, as well as surround sound 
in the cinema, are no doubt tomor- 
row’'s buyers of high-quality domestic 
surround-sound systems. 
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multi-channel audio decoder 


éurround 


The first domestic surround-sound 


equipment came on to the market in 
the early 1980s. At first, this consisted 
of stereo equipment with an additional 
rear channel. A little later, when _tele- 
vision broadcasters began transmitting 
stereo sound, Dolby Surround?) and 
Pro Logic) added a centre channel. 
Thanks to the use of digital signal 
processors (DSPs), it has become pos- 
sible for the sound quality of domestic 
equipment to approach that of profes- 


and consumer equipment 


Cinema format 


The development of surround sound in cinema 


|| Consumer format 


sional cinema apparatus. Since the 
introduction of the Pro Logic decoder, 
little has changed in the technology. 
What has changed is the number of 
television programmes, other than fea- 
ture films, that are now transmitted in 
Dolby Surround format. Today, even 
common sound carriers are often in 
surround-sound format. Relatively 
recently, manufacturers of multimedia 
software products also discovered the 
merits of surround sound, 
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THE THIRD 
GENERATION 
In the late 1980s, the 
Dolby Laboratories 
developed an alternative to analogue 
coding. Apart from its two analogue 
tracks, 35 mm film was enhanced with 
a digital track located between the per- 
forations. This track contains the infor- 


Dolby Digital 


MPEG 
BITSTREAM 


CHANNEL 
DECODER 
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coded films have 
already been brought 
on to the market, while 
no fewer than 8500 cin- 
emas in 50 countries (as at March 1997} 
have been fitted with Dolby Digital 
equipment. 

In order to store the large amount 
of data required for the various chan- 


and Multimedia computers 


Until not so long ago, computers with a sound card were only able to pro- 
duce stereo sound. Recently introduced NMX processors enable AC-3 data 
to be decoded and optimatlized, in accord with the wishes of the user, for the 
reproduction of surround effects via only two speakers. To do this, the proces- 
sor combines the 5.1 coding with virtual loudspeaker technology. This is a 
purely software solution, for which, for instance, Intel's 3D Sound Experience 
(RSX3D) may be used. The software creates five virtual loudspeakers in space. 
It is particularly aimed at computer users who want to listen to DVDs or 
AC-3-coded data via the Internet. It is also possible to generate a surround- 
coded stereo signal that can be used to drive a Dolby Surround or Pro Logic 
system. Finally, it may be feasible to generate the six channels discretely and 
reproduce them via a multichannel sound card. 


mation for the additional channel, that 
is, the rear channel. In the analogue 
system, this channel carried a monau- 
ral signal with limited bandwidth. The 
digital track contains wideband left- 
hand and right-hand channels. 

This new variant of film sound is 
called 5.1-channel-Dolby. Since its 
introduction, more than 870 digitally 


DECODER 


MPEG BITSTREAM 


nels in the available space, substantial 
data compression is necessary. A suit- 
able compression/decompression sys- 
tem must (a) be able to derive high- 
quality stereo information from rela- 
tively few data; (b) make possible 
high-quality multi-channel audio; and 
(c) be compatible with existing mono, 
stereo, and Dolby systems. 
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Dolby Digital uses an algorithm for 
this that has become known under the 
name AC-3%. This set of rules provides 
substantial data compression without 
noticeably deteriorating the repro- 
duced sound. 

This third generation of audio cod- 
ing systems from Dolby (after Dolby 
Surround and Dolby Pro Logic) 
divides the audio spectrum into nar- 
row frequency bands. The width of 
these bands is dictated by properties 
and selectivity of our hearing. This 
makes it possible for quantization 
noise to be filtered out. Since the noise 
signal is also sharply reduced in the 
absence of audio signals, the final 
sound quality is (near-) perfect. 

The AC-3 system operates over the 
entire audio spectrum with a dynamic 
range of 20 bits, for which sampling 
frequencies of 32 kHz, 44.1 kHz, and 
48 kHz are used. The smallest data rate 
is 32 Kb/s (one mono channel) and the 
largest, 640 Kb/s. In the 5.1 System, a 
data rate of 384 Kb/s is reserved for 
computer applications, and one of 
192 Kb/s for two-channel audio. 


DIFFERENT STANDARD 
FOR EUROPE 

Dolby Standard AC-3 is used only (at 
least for the present) in North America 
and Japan. In Europe (where Philips 
used to set standards although its 
influence is now waning»), a different 
technology is used: the audio channel 
from the MPEG2°) standard. Note that 
the video component of this norm has 
become a world standard for digital 
television (even in areas where now 
the NTSC?) system is used). 

Sony has developed yet another 
compression technology: ATRAC, but 
for the time being continues to use 
MPEG2. 

The struggle for an overall standard 
is, of course, bad news for the con- 
sumer. For instance, DVD®) players 
now on the European market are not 
able to deliver MPEG2 signals to an 
external decoder: they can play only 
DVDs with Digital Dolby. Manufac- 
turers have indicated that this will 
probably not change in the future, 
since there are no MPEG2 surround 
decoders available (nor is anyone 
likely to produce them) and there is 
also no software with MPEG2 audio in 
Europe. Even the few DVDs produced 
in Europe use AC-3 for the 5.1 audio 
coding (and MPEG2 only for stereo 
coding to remain compatible with 
existing MPEGI decoders). This devel- 
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opment may well mean that Dolby L 

Digital will become the de facto stan- Decoder R 5.1-channel 
dard for Europe also (which can only "A" Dolby Digital 
be good news for the consumer). LF 


Fortunately, the difference between 


Sorel 


Dolby Digital and MPEG2 is small as , Matrixed 
far as the consumer is concerned. Both Decoder c 4-channel 
systems have a left and right front "B" : Dolb 
channel, a centre channel and a left Surround 
and right rear channel. In contrast to os rt a 
analogue systems, all channels cover pre lo P| L 
the entire audio bandwidth. These five Decoder 2-channel 
channels may be complemented by an "c" R stereo 
optional channel for a subwoofer 
(20-120 Hz), See Figure 1, 

The MPEG2 standard is a logical 
development of the MPEG1 norm for bee mono 
the coding of stereo signals and, 
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thanks to two extensions, MC5+1 and 
MC7, may be used for the coding and 
decoding of the 5+1 channels men- 
tioned in the previous paragraph. It 
also provides for two additional chan- 
nels (left/centre and right/centre) for 
use in cinemas that use extra wide 
screens. 

The five input signals are passed 
through a matrix (see Figure 2) whose 
output signals, Ty-Ty, are coded psy- 
choacoustically. 

Owing to its limited bandwidth, 
the subwoofer channel (an extension 
for very low frequencies) needs only 
relatively few digital data and is, there- 
fore, applied directly to the multi- 
channel decoder. 

Normally, the MPEG2 data can be 
applied directly to the carrier. If it is 
applied to a standard stereo decoder, 
however, it is decoded as MPEG] data, 
that is, as a two-channel stereo signal 
(see Figure 3). 

A multi-channel decoder extracts 
from the data the 5+1 components, 
whereby T-Ty are again processed by 
a matrix. 

There are four matrices available to 
match the signal to the type of decoder 
to ensure forward and backward com- 
patibility between MPEG1 and 
MPEG2. (See Table 1) 


Decoder 
Sor] 5+7 

stereo | stereo | 
5+1 = 541 | 5+1 


Source: L. %e4 


stereo stereo 


7+1 


stereo 5+1 | 7+1 


The data necessary for selecting the 
correct matrix are contained in the 
MPEG2 signal. In this, it deviates from 
the AC-3 signal, where the data for the 
various channels has to be computed 
(see Figure 4). In the case of audio sig- 
nals with Dolby surround effects, 
MPEG2 uses a special coding matrix 
that processes Tp and T, as two Dolby 
Surround channels. During reproduc- 
tion, a (two-channel) MPEG1 decoder 
reconverts the MPEG? data into a sig- 
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nal that can be processed by a (Pro 
Logic) Dolby decoder. Conversely, a 
multi-channel MPEG2 decoder gener- 
ates the five channels directly. Table 2 
shows the output signals of the vari- 
ous decoders as a function of the orig- 
inal input signal. 


Decoder 
, | 2-channet | 
Source: DVD 5+1 7+1 
a a r : : 
stereo — stereo stereo stereo 
surround) surround | surround | surround 
5+1 [surroundi/| 5+1 5+1 
stereo 
rer (Surround) gy ayy 
stereo 


Although Dolby Digital operates 
slightly differently from MPEG2, and 
vice versa, Table 2 shows up few dif- 
ferences. It is, however, a fact that the 
Dolby system provides better sound 
quality and channel separation than 
MPEG2, at least as far as decoding of 
discrete 5.1 channel and Pro Logic 
sound tracks are concerned. The same 
applies to stereo and monaural com- 
patibility. 

At the time of writing, there is no 
clear indication whether the Dolby 
system or MPEG2 will become the 
European standard. In the rest of the 
world, there is little doubt that Dolby 
will be used. Philips, however, is in 
deep financial trouble and relies heav- 
ily on the North American market 
where Dolby reigns supreme. It is very 
important for Philips to secure suc- 
cessful sales of its best product for 
some time, the DVD (from Polygram). 
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1) Registered trade mark (Sony) of small, 
portable radio/cassette recorder with 
headphones for personal use while walk- 
ing or travelling. 


2} Dolby Surround is the logo of the 
eponymous system developed by the 
Dolby Laboratories in the early 1980s. 


3) Dolby’s registered trade name for an 
analogue surround sound system for 
consumer use, providing front, centre, 
and rear speakers. 


4) Dolby’s trade name for the digital 
audio coding used in 35 mm motion pic- 
ture film to provide six-channe/ surround 
sound. ft uses data blocks recorded 
optically between the perforations, leav- 
ing space for a conventional soundtrack. 
It is also suitable for multi-channel televi- 
sion audio, as well as video software 
and home cinema. 


5) According to a recent report in The 
Economist, one of the world's leading 
business journals, if Philips were not 
protected by a voting structure that gives 
absolute power to a few shareholders, 
the company would have been swooped 
on some time ago by a corporate raider. 
See also Short Circuit: the Decline of a 
Once Great Company by Marcel Metze, 
Minerva Press. 


6) Acronym of Motion Picture Experts 
Group, based in the USA, but with 
offices in Europe, which is a body that 
produces standards for compressed dig- 
ital video signals. 


7) Acronym of the US National Television 
System Committee, and the colour TV 
system so standardized. 


8) Acronym for Digital Video (or Versatile) 
Disk which many believe will mean the 
end of the road for the Compact Disk 
(CD), the CD-ROM (CD-Read Only Mem- 
ory), and the VCR (Video Cassette 
Recorder) within the next ten years. 


More information on the subject of surround sound may be found on Internet 


homepages: 


http://www.dolby.com 
hittp://www.mpeg.org 


vy 


With the rebirth of thermionic valves (electron tubes) in audio 
amplifiers (note that they never ‘died’ in radio transmitters), it 
was felt that some (older) readers would appreciate a nostal- 
gic reminder of what valves were like. Younger readers, not 
acquainted with valves at all (or very little) will, no doubt, be 
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interested in what those funny glass (or metal) tubes are all 
about. Thermionic valves for use in audio circuits comprise 


diodes, triodes, tetrodes, beam tetrodes, and pentodes. 


toy J. Bebeersrric 


thermionic valves: 
a brief introduction 


The diode is normally used for rectifying 
small audio frequency (a.f.) signals 
and, in the power supply, for convert- 
ing the alternating voltage from the 
mains into a direct voltage. 

The triode is used primarily as a pre- 
amplifier and phase inverter. 

The tetrode, and beam tetrode, is 
used chiefly as a power amplifier. 

The pentode finds application in both 
preamplifiers and output amplifiers. 

The symbols of these various types of 
valve are shown in Figure 1. 

The terminology of valves is at first 
sight confusing, although it is in many 
ways far more logical than that of semi- 
conductors and integrated circuits. The 
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first letter in European terminology or 
digit(s) in American type coding indi- 
cates the heater voltage; for instance, 
E = 6.3 V. Subsequent letters indicate 
the type of valve. Digits following the 
letters are manufacturers’ series indica- 
tions. The table in the box gives the 
meaning of some letters used in valve 
type coding, 

Often, letters are used several times, 
or several letters are used, for instance, 
a GZ34 is a full-wave rectifier with a5 V 
heater, an ECC83 is a double triode 
requiring 6.3 V heater voltage, a UCH81 
is a triode-heptode needing a 19 V 
heater supply, and a 6Ké is a beam 
power tetrode with a 6.3 V heater. 


construction of valves 

Valves used in audio amplifiers gener- 
ally have two or more electrodes: cath- 
ode, anode, and grid{s). 


Cathode and heater 

When valves were young (1900-1920), 
they had a directly heated (called fila- 
mentary) cathode. The material of this 
element, tungsten or nickel, was cho- 
sen for the properties that made it suit- 
able for this purpose. Such a construc- 
tion had some practical drawbacks. 
For instance, the cathode tended fo 
sag, which meant that the distance 
between it and the anode varied, 
which, of course, gives a poor perfor- 
mance. At the same time, the heater 
was fed by direct current, which does 
not produce an evenly distributed elec- 
tron emission to the anode. Supplying 
the heater with alternating current (a.c.) 
gave some improvement, but made 
the temperature of the cathode, and 
thus the electron emission, vary with the 
frequency of the current. All these fac- 
tors meant that the anode current var- 
ied widely. 

Later, from the early 1920s in the 
USA, and from the late 1920s in 
Europe, indirectly heated cathodes 
became the norm. Such a cathode 
consists of an oxide-coated cylindrical 
sleeve, which contains (but is isolated 
from) the filament. The cylinder is usu- 
ally made of nickel, while the coating, 
that is, the source of electrons, is bar- 
ium or strontium, 

The filament heats up when a current 
is passed through if, which causes the 
cathode to attain a temperature of 
1000-1300 °C. This high temperature 


causes the electrons in the coating to 
attain enough thermal energy to over- 
come the forces at the surface and 
escape. Note that in modern valves for 
use in a.f. equipment the filaments are 
normally fed by a direct current to elim- 
inate any risk of hum, 


Anode 

In early valves, the anode was simply a 
small metal plate (the anode was then, 
and still is in the USA, called ‘plate’), It 
was soon realized, of course, that this 
was not a very efficient construction. 
The anode in modern valves is a rec- 
tangular or cylindrical tube, which 
gives it a much greater surface area. 
Materials used for anodes are copper, 
molybdenum, tungsten, nickel, or 
cupra-nickel. 


Grids 

Grids are conductors, semitransparent 
to electrons, usually in the form of 
meshes or parallel bars. The material 
they are made from is usually molyb- 
denum, tungsten or pyrolytic graphite. 
Various coatings, such a gold, are used 
to reduce primary emission. 

Although a valve may have many 
grids, in this brief article only three will 
be considered: control grid, G;, screen 
grid, Gz, and suppressor grid, G3. 


Assembly 

Valves are invariably assembled in an 
evacuated (to 10-? atm.) glass (some- 
times metal) tube. The centre is nor- 
mally formed by the cathode, with in it 
the filament, then the grid{s), and finally 
the anode, all cylindrical in shape. All 
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Figure 2, Vy'lq characteristic of a Type 
EB91/1/2 EAA91 half-wave rectifier diode. 
Only operation in the linear part of the 
curve gives low distortion. 
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Figure 1. Symbols for diode, triode, tetrode and pentode. The control grid is G,, the 
screen grid is Go, and the suppressor grid is Ga. 


electrodes are sintered on to FeCr alloy 
pins, which are passed through a mica 
or ceramic disc. The alloy has the same 
coefficient of expansion as glass. The 
mica or ceramic disc is clamped into 
the base of the tube, which is then 
evacuated. 

Many valves are provided with a 
conducting coating on the inside of the 
glass envelope to prevent the wall from 
acquiring a positive charge through 
secondary emission. 

Also, many valves have a getter 
which maintains the high vacuum dur- 
ing the life of the valve. They are so 
called because they ‘get (that is, trap) 
any gases that may evolve. Getters 
(potassium, sodium, magnesium, cal- 
cium, and others) are evaporated in 
the valve, after this has been sealed 
upon evacuation, by high-frequency 
induction currents. 


operation 


It is not possible to say with certainty 
when the development of the 
thermionic valve began. Undoubtedly, 
the not very systematic observations of 
gas discharge phenomena were as 
important as many accidental discov- 
eries in physics research during the last 
few decades of the 19th century. 

Researchers at the Western Electric 
Company in the USA found in 1905 that 
placing a third electrode (the control 
grid) between cathode and anode of 
a valve gave a means of controlling 
the electrons between these elec- 
trodes. This first ever triode was called 
VT1 (= vacuum tube 1). 


Diode 

Operation of a diode depends on the 
property that electrons flow from cath- 
ode to anode. It was discovered almost 
a hundred years ago that this phe- 
nomenon could be used for rectifying 
purposes, Af the onset of the diode 
characteristic, the diode current, /,, 
does not rise at the same rate as an 
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increase in the applied voltage, V,, (see 
Figure 2. When the voltage is further 
increased, the current rises more 
rapidly, but then levels off when the 
voltage is increased still further. 

Diodes should normally be used only 
over the straight part of the character- 
istic; outside this, the distortion rises 
rapidly. 

This situation is also clear in the Vg/lg 
characteristic of the EZ81, a full-wave 
rectifier for use in power supplies—see 
Figure 3. Part of this curve is shown as 
a dashed line to indicate that in certain 
circumstances the continuously drawn 
current must not exceed this value. Of 
course, the maximum permissible 
power dissipation in the tube also plays 
a role. 

A specific property of the EZ81, and 
also of a similar diode, the GZ34, is that 
the time needed for heating their cath- 
ode is longer than that of amplifier 
valves in the same series. This ensures 
that the amplifier valves do not get a 
high anode voltage before they have 
heated up properly. 


Triode 

A triode is a diode with a control grid, 
G, inserted between cathode and 
anode. An alternating voltage (signal) 
applied to the grid is found back 
amplified at the anode. The control 
grid is invariably negative w.rt. the 
cathode (see Figure 4). This is often 
effected by a cathode resistor (which 
may or may not be decoupled), It 
causes a positive variation between 
cathode and anode, The V,//, char- 
acteristic of a triode is not as linear as 
that of a diode. This means that a tri- 
ode is normally operated in Class A, 
certainly so if it serves as an output 
amplifier. Note that because of this an 
EL84 configured as a triode has a 
much better linearity than an EC92 or 
ECC83. 


Tetrode 
A tetrode has an additional grid, the 
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0 20 30 alV. 
972023 -13 
Figure 3, Va/la characteristic of a full- 
wave rectifier diode Type EZ81, This valve 
is intended primarily for use in power 
supplies. 


screen grid, Go, between control grid, 
G,, and anode. The function of this 
additional grid is to reduce the 
G,-anode capacitance. When this 
capacitance is high, the relative large 
variations in V, may induce apprecia- 
ble variations in V,,. If the phase rela- 
tions are correct, this induced grid volt- 
age may add fo the impressed anode 
voltage in such a way as to cause the 
amplifier to oscillate. 

Note that the V,//, characteristic of 
a tetrode is very similar to that of a pen- 
tode, but is non-linear at low Vg and 
low fg. 


7Z060$2—$ IT ho 
Ty 


e72cea-14 


Figure 4. Vgj/lq characteristic of the 
EC92/12 ECC83 triode. Note that the 
control grid is negative w.r.t. the cathode. 
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Pentode 
Because of its superior performance 
compared with a triode, the pentode is 
the most frequently used thermionic 
valve. In particular, its linearity is much 
better than that of a triode. A pentode 
is eminently suitable for Class AB oper- 
ation in output amplifiers. The Vej/lg 
and V,/!, characteristics speak for 
themselves—see Figures 5 and 6. 
Moreover, pentodes generally have 
a much better G;—anode transconduc- 
tance (= mutual conductance), gp, 
than friodes. This means that the control 
voltage for full drive is appreciably 
lower than that needed by a triode. 


Special valves 

The Type KT88 beam-power tetrode 
offers a considerable improvement in 
the distortion characteristic of the out- 
put pentode, while retaining the 
greater efficiency of that valve com- 
pared with the output triode. The spe- 
cial construction of the screen grid 
ensures a much steeper /, curve at low 
Vg, and the transit to the horizontal part 
is more rapid. 

There are so-called Special Quality 
versions of certain valves, in which bet- 
ter-quality materials for the various elec- 
trodes have been used. This ensures a 
typical life of 10 000 hours. They are dis- 
tinguished from standard valves by a 
different arrangement of the type num- 
ber; for instance, E83CC instead of 
ECC83 or E84L in place of EL84. 


Interested readers may find the following books 
useful. 


1. Build your own Audio Valve Amplifiers by 
Rainer zur Linde; Elektor Electronics (Publish- 
Ing), 1995 


2. Mullard Tube Circuits for Audio Amplifiers; 
Audio Amateur Press*, 1993 (reprint) 


3. Principles of Electron Tubes by Herbert J. 
Reich, Audio Amateur Press*, 1995 (reprint) 


In the United Kingdom, valves and appropriate 
sockets, as well as other relevant 
components are available from a 
number of stockists, among them: 


Circkit Distribution, Park Lane, 
Broxbourne, Herts EN10 7NQ. 
Phone 01992 448899; fax 01992 
471314 


Hart Electronic Kits, 7 Penylan 
Mill, Oswestry, Shrops SY10 QAF. 
Phone 01691 652894; fax 01691 
662864 


Readers in other countries may 

find the following booklet available 
from Audio Amateur Corporation* 
useful: World Tube Directory , the 
world’s only complete source book on 
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Figure 5. Vgj/l_g characteristic of a Type 
EL34 pentode - note the improvement 
over that in Figure 4, 


vacuum tubes and associated components and 
relevant distributors throughout the world. 


* Audio Amateur Publications, Inc., P O Box 243, 
Peterborough, NH 03458-0243, USA. 

Phone 603 924 6371 

Fax 603 924 9467 


Valve nomenclature 


A = 4V heater voltage* 

B = diode 

C = trlode 

D = directly heater valve 

E = 6.3 V heater voltage* 

F = rf. pentode 

G = 5 V heater voltage 

GC = glass container 

H = heptode/hexode 

K = tetrode or beam tetrode 

L = a.f. output pentode 

M = tuning indicator 

Q = high-power beam tetrode 

U = miscellaneous heater voltage* 

VT = vacuum tube 

Y = half-wave rectifier 

Z = full-wave rectifier 

* In American type coding, digits are used to 
indicated heater voltage, for instance, 1 (for 
1.4), 4, 6 (for 6.3) 12, 40, and so on. 


POS 
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Figure 6. The Va/la characteristic of the EL34 
also looks good. 
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There is no single answer to the question of whether 
audio amplifiers using transistors are better than those 


cation. Valve amplifiers are undoubtedly better as 


© 
ee, 
using valves or vice versa. It all depends on the appli- a 
X 


regards dynamic range, which has to do with the 
more gradual change in the operating characteristics, 
which in the case of transistors tends to be abrupt. An 
attractive compromise is a hybrid amplifier: valve 
input stages and transistor output stages. This results in 
an amplifier that offers the best of both worlds. 


Desigm tmey EE. Wincek 


hybrid audio amplifier 


the best of both worlds? 


Whatever the merits or drawbacks of 
valve and transistor audio amplifiers, 
because of their design and nature 
valves lend themselves much better to 
voltage amplification and transistors to 
current amplification. In output stages, 
which are current, or rather power, 
amplifiers, valves have a further draw- 
back in that they require an output 
transformer whose price is directly pro- 
portional to its quality. In view of this, the 
present circuit is a hybrid: it uses valves 
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in the voltage amplifier and 
MOSFET transistors 


in the current 
amplifier. 

The voltage 
amplifier is config- 
ured as a series- 
regulated push- 
pull (SRPP) circuit, 
which provides 
high amplification 
and high-quality 


performance. It is based 
on a double triode 
Type PCC88, which has 
excellent transcon- 
ductance and 
requires relatively low 
anode voltages. 
The current 
(power) amplifier is 
based on MOSFET 
transistors which 
in operation are 
reminiscent of 
valves and 
have a. very 
high input 
impedance. 
These — transis- 
tors are config- 
ured as source 
followers. Their 
gate voltage is held 
stable by constant-current sources and 
zener diodes, 
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an excellent, interesting ampli- 
fier that is also fairly easy to 
build. There are only one valve 
and two transistors in the signal 
path. Its tone quality is very 
good and its power output is 
sufficient to make the neigh- 
bours run for the telephone if 
the volume were turned up full. 
Because of the high input 
impedance, CD players with 
their high output signal can be 
coupled directly to the ampli- 
fier via a 47-100 kQ stereo 
potentiometer. 


voltage amplifier 


The circuit diagram of the SRPP 


Figure 2. The outout amplifier is based on MOSFETs, 


voltage amplifier is shown in Figure 1. 
As stated earlier, it uses a double triode 
Type PCC88. The input is direct coupled 
(DC) and has an impedance of about 
100 kf2 (R)), An anode voltage of 
130-140 V is fine: ideally, it should be 
138 V, but not exceed 150 V, Each 
heater requires a voltage of 7 V: since 
the two heater are connected in series, 
the overall heater supply should be 
14V, The connections to the heaters 
are decoupled by 10 uF tantalum 
capacitors. The anode of the second 
triode is also decoupled, in this case by 
a 0.047 uF polyester type (C3). 


current amplifier 
The circuit diagram of the current 


amplifier is shown in Figure 2. It is 
based on transistors T4 and Ts, Type 
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28K176 (or2SK175) and 
Type 2S8J56 (or 2SJ55) 
respectively. If the supply 
voltage is lowered fo 
+30 V, and an output 
power of 50 W is 
acceptable, Types 
IRF530/IRF9530 and 
IRF540/IRF9540 respec- 
tively from International 
Rectifier may also be 
used to good effect. 
Input capacitors C, 
and Cy, are polypropy- 
lene (MKP) types, which 
are shunted by polyester 
capacitors C, and Cy 
respectively. In the qui- 
escent state, these 
capacitors are linked to 
earth via resistors R;—-R3 


anode 


voltage 


input 
currant arnpl fier 
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Figure 1. The voltage amplifier board contains, 
apart from the PCC88, only a few components, 
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and the relay contacts. The relay trips 
after about 20 s, when the capacitors 
are fully charged so that they cannot 
cause voltage jumps at the output. 
The audio signal is applied to the 
gates of the MOSFETs via the input 
capacitors and R;g and Rjo respec- 
tively, Transistors T2 and 13 operate as 
constant-current sources and ensure 
stable direct-voltages at the gates, 
The gate biases are made symmetri- 
cal with Py. The quiescent current is 


~Httt > 


1H t= 
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Figure 3. The hybrid amplifier 
requires quite a variety of sup- 
ply voltages. 


set with P,, Protection diodes Ds-Dg 
prevent the gate voltages becoming 
prohibitively high. 

Note that the values of resistors Rj, 
and Rj9 in the gate lines are not equal. 
This Ils because of the divergent input 
capacitances of n-channel and 
p-channel MOSFETs. These resistors are 
not fitted on the relevant board, but 
must be soldered directly to the rele- 
vant gate. 

The source resistors, Rog, Ro;, and 
Roo, Ro3, each of 0.47 QO, may be 
replaced by single resistors of 0.25 Q in 
the Rap and Ry» positions on the board. 

Inductor L, in the output line is fitted 
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Figure 4, The heater voltage for the PCC88 is regu- 
lated, However, It Ils more important that the heater 


current Is 300 mA. 


Vill - 9/97 


Elektor Electronics EXTRA 


110 


: 
O 
I 
| 
| 
| 
O 
O 
110 
| 
| 


Pea SS 9 SS Se Se 


around resistor Rog. It consists of 20 turns 

1mm dia. enamelled copper wire, 

wound on a 10 mm dia. drill bit. 
Network Rys5-C, is a Boucherot filter. 


power supply 


The power supply whose circuit dia- 
gram is shown in Figure 3 consists of 
five parts. The first of these is situated 
ahead of the mains transformer and 
provides a soft start for the output 
stages and prevents the fuses from 
blowing owing to a high switch-on cur- 
rent. This Current is limited during the first 
few seconds after switch-on by Rg. 

The mains voltage is applied 
to a bridge rectifier via R;, Ro 
and C,—-C3 (which can be dis- 
charged via R3) and then to a 


Wi 15 V voltage regulator. 
sani Capacitor Cs is charged via 


Rs and after about 2 s reaches 
a potential that causes T, to 
switch on, whereupon the relay 


pecee trips. The relay contacts then 
Lesa short-circuit Rg. 


Mains transformer Tr, has three 
secondary windings: 2 x 30 V 
and 1x22V. The voltages 
across the 30 V windings are 
applied to a bridge rectifier 
which provides the +42 V sup- 
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ply lines for the current amplifier. 

The potential across the 22 V winding 
is applied to a second transformer, Tro, 
and then to two bridge rectifiers. This sec- 
tion (on the power supply board) provides 
the heater voltages and the anode volt- 
ages for the voltage amplifiers, as well as 
the operating voltage for the relay on the 
current amplifier board (Figure 2) via a 
delay circuit. 

The delay circuit is based on a 
Schmitt trigger formed by T, and Tp. 
Capacitor C, is charged via R, until the 
potential across it is 10 V. When that 
level is reached, D3 comes on, the 
Schmitt trigger changes state, and the 
relay on the current amplifier board 
trips. The relay contacts then link the 
output of the voltage amplifier fo the 
input of the current amplifier. 

The dual LED on the front panel indi- 
cates the state of the relay. At switch- 
on, To Is off, so that its collector, and 
consequently the bases of T3 and T4, 
carries the full supply voltage. This 
results in Tz conducting, whereupon the 
red part of the LED lights, whereas T, 
remains off. After about 20s, the 
Schmitt trigger changes state, where- 
upon T3 goes off and Ty conducts. This 
causes the red section of the LED to go 
out while the green one lights to show 
that the circuit is operational. When the 
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supply is switched off, C, is discharged 
via D,. Resistors Ro and Rjg and capac- 
itor Cp decouple the supply lines to the 
relay. 

The 22 V secondary of Tr, is linked to 
the secondary winding of Tro. Since the 
current drawn by the two valves does 
not exceed 5 mA, the rating of this 
transformer (150 mA) is more than ade- 
quate. The voltage across the primary 
is some 130 V, which is rectified by 
Dy-Dg and smoothed by Cy and Cj. 
Capacitors C>-Cg and C), are anti- 
interference devices, When the supply 
is switched off, electrolytic capacitors 
Cy and Cig are discharged via R}3. 

The -ve line of the unregulated 
heater volfage (about 24 V) is con- 
nected to earth not directly but via C}>. 
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The ‘raw’ heater voltage is applied to a 
variable, integrated voltage regulator, 
IC), on the heater voltage board (Fig- 
ure 4). Transistor T, provides a gradual 
increase in the voltage supply to the 
heaters. The voltage regulator needs a 
small heat sink. 


construction 


The stereo amplifier consists of eight 
printed-circuit boards (see Figure 5), 
which are not available ready made. 
All boards are provided with suitable 
PCB connectors to facilitate their inter- 
connection. Those for the mains power 
supply and on the current amplifier 
board have 6.3 mm dia. pins, all others 
have 1.3 mm pins. 

It is imperative that the -ve lines on 
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all boards are kept separate and are 
strapped to earth at only one spot on 
the enclosure so as to prevent earth 
loops. 

The connections to the input and 
output of the voltage amplifier must be 
in single screened cable with the 
screen connected to earth only on the 
voltage amplifier board. 

Consequently, the current amplifier 
board has no pin for connecting the 
screen of the input lead from the volt- 
age amplifier. 

The MOSFETs and T, must be screwed 
to, but isolated from, an aluminium 
bracket that links the board and the 
heat sink for these devices (do not for- 
get ample use of heat conducting 
paste). 


+ve of mains power supply 
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Figure 5. Layouts of the various PCBs used in this design. Two voltage amplifier boards and two current amplifier boards are needed for a 
stereo amplifier. Note that there is no board for the mains power supply. 
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Ay =. 100 kQ Cz = 0.047 pF, 250 V 
C4 = 10 pF, 35 V, tantalum 


1 off PCC88 
1.off noval socket for PCC88 
for board mounting 


C, = 470.uF, 16 V, radial 
Co = 0.68 UF, 63 V 
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Ry 2.2 kQ Cy = 4.7 uF, 16 V, radial 
Ro = 270 2 Cy = 470 yF, 16 V, radial 
Rg = 150 kQ 
P.= 1 kQ preset potentiome- D, = 1N4148 
ter, radial T, = BC560 
Cy, = 47 pF, 35 V, radial IC, = LM317 
is, however, better, 


calibration 


Before the power is switched on, set P| 
and P, on the current amplifier board 
to the centre of their travel and the pre- 
set on the heater voltage board to min- 
imum. Temporarily insert 10 Q, 1 W resis- 
tors in the supply lines to the current 
amplifier board. The amplifier output 
should remain open. 

Switch on the mains and set the 
heater voltage to 14V. Since the 
PCC88 is a series-regulated device, it 
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and more accurate, 
to set the heater cur- 
rent to 300 mA (after a 
heating up period of, 
say, 10 minutes). 
Next, connect a 
digital voltmeter (DVM) 
across one of the 10 Q 
resistors and adjust P, 
to obtain a reading of 1 V, which cor- 
responds to a quiescent current of 
100 mA. Then, connect the DVM across 
the output terminals and adjust P, for a 


reading of 0 mV. 

Switch off the mains and remove the 
two 10 Q resistors. Switch on the mains 
again. Connect the DVM across Rog or 
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Soft-start board 
R;, Ry = 1202,1W 
Ro = 150 9, 1 W 

Rg = 1MQ,1W 
Rs = 10 kQ 

Re = 100 9, 11 W 


C, = 0.1 pF, 250 V a.c. 
Co, Cz = 0.33 LF, 250 V 


eV 
PCC 68 
fight-hand 


L 


; 


Py ~ 
s38V 
PCC 88 
jaft-hand 
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- _ green 


dual LED 


220% 
from Tr, 4 


cra ear 


23)V trom mains 
on‘ofl switch 


OF AORZ 


| s@uLOySURa) SUIELU 


Cy = 470 F, 16 V, radial 
Cs = 100 uF, 16 V, radial 


D,-D, = 1N4007 

Ds = zener, 15 V, 1 W 

Dg = 1N4148 

T, = BC550 

Re, = 12 V relay, 1 make contact, rat- 
ing: 16A 


24yv 
{a heater voltage board 


ke left an jae 


right ra anpiige 
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Rag and adjust P;, if necessary, to 
obtain a: reading of 230-250 mv. 
Leave the amplifier on for a couple 
of hours and recheck this voltage. 
Finally, connect the DVM_across the 
output terminals and recheck that: 
the reading is.0 mV, adjusting P» is 
necessary. (97202) 


Power supply board: 
Ry = 330 kQ 
Ro, Rg, RAs, Re = 100 kQ 
Ry = 1002 
Ry, Re = 1.9kQ 

= 100 Q 
Rig = 2209, 1W 
Ras: Ryo = 1 kQ, 1 WwW 
Rig = 220 kQ, 1W 


C; = 100 uF, 16 V, radial 
Cp = 100 pF, 35 V, radial 
C3, Cy = 2200 pF, 40 V, radial 
C5-Cg = 0.01 HF, 250 V 

Cg, C19 = 150 uF 350 -V 

Ci, Cio = 0.33 uF, 250 V 


D, = 1N4148 

Do = zener, 12. V, 500 mw 

Dg = zener, 10 V, 500 mW 

D,-D7 = 1N4007 

G, = B40C1500/1000 

Ty, es = BC550 j 
Ta. T, 4:7 BC560 i hg H 


Trp = 130 V primary, 2 x 12 V sec- 
ondary transformer, aang: Lag mA 
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Almost fifty years ago, Wireless World (now Electronics World) pub- 
lished the design of an audio output amplifier that gave a new 
dimension to hi-fit. In the 1930s, Cossor Radio of London had intro- 
duced negative feedback (NFB) to improve the distortion charac- 
teristics of audio Output amplifiers. After the Second World War, the 
beam tetrode, largely the work of the Marconi-Osram Valve 
Company of Wembley, London, offered a considerable improve- 
ment in distortion (without NFB) over the pentode while retaining 
the greater efficiency of this valve over that of the output triode. 

D. Williamson, an engineer working with Marconi-Osram, found that 
this advantage in efficiency was retained when the screen grid 
was connected to the anode to form a quasi-triode valve. 
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By Buca. Kerk 


the Williamson amplifier 
revisited 


legendary design 
of yesteryear 


The function of an audio output ampli- power to drive a loudspeaker and to using a single output triode or pentode. 
fier is simply to convert a low-power do this with the least possible alteration By the 1930s, this had resulfed in power 
input signal into a signal with sufficient of the input waveform. In the early days amplifiers delivering up to 10 W audio 

of audio engineering, this was accom- power with a typical total harmonic dis- 


— - plished by a two- or three-valve circuit tortion (THD) of 3-8 per cent. 
+ Wireless World, 55, 282, 1949 
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Manufacturers such as Cossor used 
negative feedback (NFB) to obtain 
improved stability, reduced distortion, 
and a more level frequency response. 
Williamson also used a_ substantial 
amount of overall NFB which, in con- 
junction with the interelectrode con- 
nection, resulted in audio power out- 
puts of up to 15 W and a THD of 0.1 per 
cent, a truly remarkable improvement 
on the performance of amplifiers 
designed in the 1930s. Another impor- 
tant factor in the amplifier is the care- 
fully designed output transformer to 
couple the relatively high output 
impedance of the amplifier to the low 
impedance of the loudspeaker. 


circuit description 


The circuit diagram of an amplifier 
based on the original Williamson 
design, excluding the power supply, is 
shown in Figure 1, The experienced 
reader will immediately distinguish 
three parts: the input stage with phase 
inverter, the driver, and the output 
stage. Since a good design is more 
than its constituent parts, it is usually left 
well alone. However, in the choice of 
valves and some other components, 
there is always some freedom of indi- 
vidual adaptation as long as the inter- 
nal resistance, Ry, amplification factor, 
Ht, and mutual conductance, gy, of 
alternative vaives are not too different 
ftom those of the original valves. Small 
differences may be compensated by 
suitable changes in the value of certain 
resistors. 

The Williamson amplifier introduced 
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Figure 2. Input stage and phase inverter 
which originally used a Type 6J5 or 65N7 
valve. 
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Figure 1. Circuit diagram of an original Williamson amplifier, excluding the power supply. 


three novelties. First, direct coupling of 
the anode of the input stage to the grid 
of the phase inverter. Second, the lay- 
out of the basic circuit as a whole. 
Third, the design of the output trans- 
former. In the 1940s, the output trans- 
former was fairly large for the powers 
then handled, and it had a very wide 
frequency range. 


input amplifier 
and phase inverter 


Initially, Williamson used two Type 6J5 
single triodes for the input amplifier and 
phase inverter, but later a Type 6SN7 
double triode (see Figure 2), which is 
still available today. Nowadays, it is 
more convenient, however, fo use a 
Type ECC82 (12AU7). The g,, of this 
valve is not as high as that of the ear- 
lier type, but this is easily compensated 
by giving the cathode resistor a slightly 
higher value to set the operating point 
of the stage. The anode potential is 
then about 100 V and, since the anode 
is coupled directly to the grid of the fol- 
lowing stage, the cathode voltage of 
that stage becomes around 105 V and 
the anode voltage about 215 V. 
Because of the fairly low values of the 
cathode and anode resistors, not much 
can go wrong. Note, however, that the 
currents flowing in both stages are fairly 
large. We will revert to network Ro6-Cy5 
later. 

The first stage has negative current 
feedback because of the non-decou- 
pled cathode resistor. The distortion 
here will, therefore, be small. The open- 
loop gain is about x10, Note that in 
case of a stereo amplifier, the u of the 
two stages must be equal. The phase 
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inverter does not amplify at all owing to 
the large amount of NFB by virtue of the 
unusually large cathode resistance. 


driver stage 


The same types of valve as in the input 
stages may be used for the driver (see 
Figure 3). Again, if an ECC82 is used, 
the value of the cathode resistor should 
be rather larger than specified in Figure 
], Frequently, a Type 12BH?7 is used 
here with anode resistors smaller than 
specified (33 kQ instead of 47 kQ). The 
advantage of this is that it reduces the 
Miller effect of the output valves. This 
effect may be considered equal to a 
capacitor between the anode and 
grid of a valve. It is the most serious 
drawback in this design and largely 
determines the open-loop bandwidth 


Figure 3. The driver stages use the same 
type of valves as the input stage. 
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Giga 
Figure 4, Alternative configuration of the 


driver stages using double triodes Type 
EC CR2. 


of the amplifier as a whole. The lower 
the value of the anode resistors of the 
driver stage, the faster the charge on 
the imaginary capacitance leaks 
away, and this makes the amplifier 
faster, When 12BH7 drivers and beam 
tetrode output valves are used, a 
bandwidth of 20 kHz is (just) possible {it 
is, of course, much larger when NFB is 
useq). 

It is also possible as shown in Fig- 
ure 4 to use two ECC 82s in the driver 
stage and connect one half of each 
valve in parallel with one half of the 
other valve, The value of the cathode 
and anode resistors may then be 
halved. 

When a 12BH7 is used, the value of 
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Figure 5. The output stage is a push-pull 
circuit using KT66 beam power tetrodes 
or EL34 pentodes. 
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the common cathode resistor is chosen 
such that each half of the valve draws 
a current of about 4 mA. Note that the 
common cathode resistor does not pro- 
vide NFB since, in spite of the small 
alternating voltages, the valves actively 
hold each other in almost perfect a.c. 
balance. This means that signals of 
equal phase are effectively suppressed 
and the valves get an improved Iq/Vg 
characteristic, which are considerable 
benefits. The amplification of the stage 
is about x 12. 


output stage 


The output stage consists of a push-pull 
circuit of beam tetrodes arranged as 
triodes (screen grid strapped to 
anode). Triodes generate primarily 
even harmonics which in a push-pull 
circuit annul each other: an excellent 
property in a quality amplifier. More- 
over, the R, of a (quasi) triode is much 
smaller than that of a tetrode. The orig- 
inal Williarnson amplifier used Type KT66 
beam tetrodes (see Figure 5), but these 
are no longer easily available. Alterna- 
tives on the market are the Type 
6L6/KT66 from Audio Note and the 
6L6WGC/5881 from Sovtek, but these 
are not recommended because they 
cannot handle the dissipation in the 
long term. It is better to use a Type EL34 
which, although it is a pentode, per- 
forms well in the circuit. In this case, the 
value of Ro» should be changed to 
100 . The EL34 is fully driven by a 24 V 
rm.s. signal, whereas a KT66 requires 
38 Vrms. 

As in the driver stage, the common 
cathode resistor is not decoupled. The 
amplifier operates in Class A through- 
out. This means that both valves are 
drawing current, however small, at all 
times. When the amplifier is overdriven, 
the current in one of the valves will 
become almost zero, while the other 
will experience a large amount of NFB 
via the cathode resistor, so that the 
gain cannot rise, 

The dramatic effect of the common 
cathode resistor on the distortion can 
be seen in Figure 6. The characteristics 
refer to EL34 valves. Since this valve 
was developed as a replacement for 
the 6L6GC and similar types, it may be 
assumed that the characteristics of 
those valves are not very different. A 
secondary benefit of a non-decoupled 
cathode resistor is that the capacitor 
cannot be ‘heard’. 

With R,7 set fo the centre of its travel, 
adjust Rj, to obtain an anode current 
(measured between the centre tap of 
the output transformer and the +ve 
supply line) of 125 mA. Next, set the 


d.c. balance with R17. If the resistances 
of the primary windings of the output 
transformer are equal (which is not 
always the case), adjust R,7 so that the 
potential drops across the two windings 
are equal. In that case, the difference 
between the two direct voltages af the 
anodes is nil. If the resistances are not 
equal, Ohm's law will have to be 
applied. 

Resistors Rj5 aNd Rog are stoppers to 
ensure that the output valves cannot 
go into oscillation. They should be sol- 
dered close to the valve socket, Resis- 
tors Rog and Ry serve to ensure that the 
maximum screen grid dissipation is not 
exceeded. If they are omitted, there is 
a strong possibility of the output valves 
going into oscillation. In case of the 
EL34, their value may be lowered fo 
47 Q. 

All resistors and potentiometers in the 
cathode circuit should be 4 W wire- 
wound types. Should the control grids 
of the valves become open-circuited, 
the valves will self-destruct within sec- 
onds. 


negative feedback 


Negative feedback for the overall 
amplifier is obtained via Ry5 between 
the secondary winding of the output 
transformer and the cathode of the 
input stage, V;. The value of this resistor 
depends on the output impedance 
and the desired degree of NFB. It is 
advisable to check with a large value, 
say, 150 kQ2, whether its insertion causes 
the gain to increase or decrease. If the 
gain increases, the feedback is posi- 
tive, so that the connections to the sec- 
ondary winding of the transformer must 
be interchanged. In the original 
Williamson amplifier, the NFB factor was 
10 (that is, 20 dB). The factor is calcu- 
lated by determining the reduction in 
amplification with NFB compared with 
that without. The smaller the value of 
Ros, the larger the amount of NFB, the 
lower the distortion, the larger the fre- 
quency range (buf not the power 
bandwidth) and the larger the damp- 
ing factor. 

When the amplifier is used as a 
mono unit, it is beneficial to have a 
large damping factor, but in stereo 
applications the spatial aspects deteri- 
orate with increasing feedback. With a 
feedback factor of 4, the distortion is 
acceptably low and the bandwidth suf- 
ficiently large. In most cases, however, 
the damping needed for the loud- 
speakers dictates the degree of feed- 
back. 

Some experimentation with the val- 
ues of Ros and CjQ is unavoidable, The 
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value of the capacitor depends on the 
degree of feedback and on the prop- 
erties of the output transformer. Nor- 
mally, it will be between 100 pF and 
200 pF. but to be precise it will have to 
be determined with the aid of an oscil- 
loscope and a square-wave (function) 
generator after the requisite NFB has 
been fixed. Set the generator output to 
10 kHz and observe the waveforms on 
the oscilloscope. Depending on the 
degree of NFB, the horizontal parts of 
the waveform will show some ringing 
(undulation). The larger Cj, the less 
ringing. Unfortunately, when the hori- 
zontal part of the waveform is flat, Cj 
has become too large: slight ringing 
gives the best performance. If the 
value of the capacitor has to be well in 
excess of 200 pF, a poor output trans- 
former is indicated. The value of Rog 
may be retained as specified in virtu- 
ally all cases. 

At the same time, the oscilloscope 
will show the rise time of the amplifier, 
that is, how long it takes a leading 
edge to travel from base level to the 
onset of ringing: 5-6 us is excellent. If 
the amplifier is slower, it is best to 
increase the NFB slightly, but if it is faster, 
the sound is not any better. With some 
output transformers and a low NFB fac- 
tor, network Ro4-C)}g may be omitted 
altogether. 


output transformer 


The output transformer in the original 
Williamson amplifier uses shell-type 
laminations equivalent to the current 
E-| 150 N format (150 mm high). The 
core has two identical chambers, each 
of which contains five primary windings. 
Each of these sections consists of four 
layers of 88 turns of 0.3 mm diameter 
enamelled copper wire. Each primary 
layer alternates with four secondary 
windings each consisting of two layers 
of 29 turns of 1 mm diameter enam- 
elled copper wire. All layers are sepa- 
rated by 0.05 mm thick paper insula- 
tion. The windings are insulated by 
0.4 mm thick oil-impregnated linen. 

The primary sections are perma- 
nently connected in series aiding, and 
only three leads are brought out for the 
10 kQ2. anode-to-anode impedance 
and centre tap. 

All secondary leads are brought out. 
To give the desired coupling, all sec- 
ondaries are used at all times, from 
1.7 Q (all in parallel) to 109 Q (all in 
series). 

The essential characteristics are: pri- 
mary inductance 100 H measured at 
50 Hz, 5V tm.s.; primary resistance 
250 Q, leakage inductance 22 mH. 
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Power (W) 
Ik (mA x 10) 
THD (%) 


20} 


16} 


Source: Valvo/Philips data sheet 


"1 Matched pair of EL34s_ |] Vin 
connected as triodes: 1(V ims} 
at left with and at right without [4 


decoupling capacitor; 
anode voltage = 425V; 
Ry, = 235.02 


12 14 
Ra-a (k2) 
972022 - 16 


Figure 6, Total harmonic distortion characteristic when a push-pull output stage with 


EL34s is used. 


According to the original specification, 
if the current flowing through the trans- 
former is higher than 150 pA, the trans- 
former should be rejected! Clearly, it is 
virtually impossible nowadays to con- 
struct such a transformer. Nevertheless, 
if you want fo try, bear in mind that the 
Williamson transformer used ordinary 
steel-plate laminations. With modern 
grain-oriented laminations a much 
smaller magnetizing force is required to 
produce the required flux, and this 
makes the requisite core smaller and 
the number of turns fewer. 


+O 


The leakage inductance determines 
the high-frequency response. It is 
ascertained by short-circuiting the sec- 
ondary and measuring the corre- 
sponding primary inductance at a fre- 
quency so low that the distributed 
capacitance is not effective, say, 
50 Hz. The leakage inductance should 
not exceed 35 mH. 

The most serious problem in finding a 
suitable alternative transformer is the 
primary impedance of 10 kQ. It may 
be possible to use the 4 {2 output of a 
transformer with 5 kQ primary imped- 


secondary 


primary 
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Figure 7, Basic construction of the Williamson output transformer. 
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ance (which is a lot easier to find) to 
drive 8 {2 loudspeakers. 

The impedance ratio of an output 
transformer is the square of the furns 
ratio. This little knowledge may enable 
you to find a suitable transformer. Do 
not ignore the primary inductance or 
leakage inductance, however. 


power supply 


The original power supply used a valve 
rectifier Type 5V4, which requires a sep- 
arate 5 V winding on the mains trans- 
former. By today’s standards, the elec- 
trolytic capacitors are small: only 8 pF. 
This is all right, however, since the 
amplifier operates in Class A which, 
owing to the evenly distributed load, 
does not make heavy demands on the 
power supply. 

Chokes as used in the Williamson 
supply are a rarity nowadays. In the 
late 1940s, however, electrolytic 
capacitors were expensive and com- 
binations of chokes and small elec- 
trolytic capacitors were much cheaper. 
Today, we would use a capacitor of, 
say, 1000 pF to get rid of any hum. 

Choke L,; may be replaced by a 
resistor across which a drop of about 
10 V is acceptable. Of course, you 
may produce a choke by connecting 
all the windings of a small transformer 
in series and arranging the laminations 
so that all the Es are at one side and all 
the Is at the other. Bear in mind that 
chokes need to be well screened since 
they readily pick up hum from trans- 
formers. As mentioned earlier, it is much 
easier to use large value electrolytic 
capacitors rated at 550 V peak. 

The high tension should not exceed 
425 V at the centre tap of the output 
transformer, because the valves used 
do not tolerate higher voltages even if 
the current through them is reduced. 

The EL34 requires a much higher 
heater current than the KT66. If hum on 
the heater leads (with alternating 
heater voltage) is troublesome, do not 
connect one of the the heater leads to 
earth, but to a potential about 40 V 
above earth obtained with the aid of a 
voltage divider. Bear in mind that the 
heater current is of the order of 7 A. 

To avoid damage to the electrolytic 
capacitors by peaks on the mains volt- 
age, it is imperative that the high ten- 
sion is not switched on until the valves 
have heated up. This may be effected 
by a separate switch or by an auto- 
matic power-on delay. 


components 


Coupling capacitors C3, C4, Cg, and 
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C; should be polyester or polypropy- 
lene types rated at > 630 Va.c. 

Electrolytic capacitors C,, Co, Cs, 
Cg, and Coy should have a working volt- 
age of > 450 V. Williamson specified a 
value of 8 uF for the first three, but 
larger is perfectly all right. lf you don't 
use choke Ly, the value of Cg and Cg in 
a stereo amplifier may be 400 uF or 
thereabouts. 

The electrolytic capacitors are 
shunted by polypropylene types with a 
working voltage of 450 V for high-fre- 
quency decoupling. 

Capacitor C9 should be a polyester 
type with a working voltage of 250 V 
d.c. Alarge, disused tuning capacitor 
may be handy to determine the requi- 
site value of C}_ as mentioned earlier. 

All resistors, except those in the cath- 
ode circuit of the output valves, should 
be 1 W metal film types. Resistors Rs 
and R;, and Rg and Rog should be 
selected on the basis of symmetry. 


performance 


The output power is about 15 W, which 
is more than enough for normal domes- 
tic use. 

The THD is <1% without NFB and will 
decrease in proportion to the degree 
of NFB used. 

Hum and noise cannot be dis- 
cerned. 

Without NFB, the input sensitivity is 
about 200 mV for maximum power out- 
put. 

The amplifier is rock stable with open 
loudspeaker terminals and all kinds of 
load. It deserves to be used with high- 
quality loudspeakers. 


finally 


This article is not intended to be a 
detailed construction project of a valve 
amplifier, but rather as a stimulus to 
adapt the original Williamson circuit 
with modern parts and components. 
Unfortunately, the many aspects of 
such a project cannot be discussed 
within the framework of this short 
description. Do not rush into building 
the amplifier without first consulting a 
suitable book such as Build your own 
valve amplifiers (published by Elektor 
Electronics). Do take time to ponder 
over the project and to gather the nec- 
essary Components, particularly the 
output transformer. 
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Rozenbiit; ‘the book is c comprenensie 


discussion of fubes and audio design: 


This complete beginner’s- guide on - 


-what-vacuum tubes do and how 10 use- 


them shows readers how to design-with 
tubes. Rozenbilt, a frequent-contributor fo. 


AAG’s Glass Audio magazine, starts with: 


clear explanation of what a vacuum tube: 
is and how it works. The author steps 
through: the basics of tubes, what their 
characteristics: mean and how to: toad 
charts and specifications. 

For more advanced readers, thaws: 


presents the complete picture: of tube 
audio design, including single one-stage 


amplifiers, o simple gain circuit, negative 
feedback and how fo use it, multistage 
basics and variations such as TES OS: 


"Chapters include stabilization and test 
ing, how to work effectively asa designer 
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classic amps and preamps. One chapter 
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niques, tools and choosing components 
and tubes: As an added feature, the book 
presents instructions to build three work-- 
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‘Bruce Rozenbit Is 0 graduate electrical 
engineer who owns and operates Tran- 
scendent Sound, a high-end amplifier 
manufacturing company. He hos recently 
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charging booster 


Many model 

craft are pow- 

ered by 12 V 
rechargeable 
batteries. Often, 
it would be a 
godsend if these 
batteries could 
be charged by a 
lead-acid (12 V) 
car battery. How- 
ever, that is not pos- 
sible, since the car 
battery voltage is just 
sufficient to charge an 
eight-cell (9 V) battery. 
One solution to this 
- problem is, therefore, 
‘to raise the car battery 
voltage and this is 
what the booster pre- 
sented in this article 
does. In conjunction 
with the car battery, it 
enables 12 series-con- 
nected cells to be 
charged at charging 
currents of up to 
4 amperes. 


Design by J. Dietrich 


INTRODUCTION 


In contrast to the ease with which 
alternating voltages can be raised, it is 
fairly cumbersome to increase the level 
of a direct voltage. It can be done, of 
course, and there are, indeed, several 
ways of so doing. One is an integrated 
step-up converter with high tension 
cascade, another is a charge pump 
(also called super voltage converter). 
Whatever means is used, it is always 
necessary to convert the direct voltage 
into an alternating one. Only then can 
the level be raised. 

In the present booster, the main 
part of the circuit is the charge 
pump shown in Figure 1. The pump, 
which has two modes of operation, 
consists of two diodes, two capaci- 
tors and a change-over switch. The 


extension for mobile battery chargers 


switch alternately links a terminal of 
one of the capacitors to the supply 
rail and to earth. 


Charging (Figure la) 

When the pump is in the charging 
mode, that is, when the switch is 
linked to earth, the capacitors are vir- 
tually in parallel, separated only by Dp. 
Capacitor C, is charged to nearly the 
level of the supply voltage via diode 
Da. At the same time, capacitor Cp 
retains the charge it already had. Since 
the potential across this capacitor dur- 
ing normal use is higher than that 
across C,, diode Dg is reverse-biased. 
Capacitor Cp is fully charged only at 
switch-on and is then charged, 
together with Cy, to the level of the 
supply line via Dg. 
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Pumping (Figure 1b) 

In the pumping mode, the terminal of 
C, that was linked to earth is con- 
nected to the positive supply rail via 
the switch. Its charge is then trans- 
ferred to Cp, so that the potential 
across this capacitor is (nearly) dou- 
bled. 


SWITCHING 

AND CONTROL 

The practical design of the setup in 
Figure | is shown in Figure 2. The sup- 
ply voltage is derived from the car bat- 
tery via Ky. The change-over switch 
consists of two power MOSFETs, T, 
and Ts. Transistor Ty serves to link par- 
allel connected capacitors C7Cyq 
(equivalent to capacitor Cy in Figure 1) 
to the supply line, while transistor T; 
provides the link to earth. Capacitors 
Cy,;-Cy4 are equivalent to Cp in Fig- 
ure 1. 

Unfortunately, a practical charge 
pump suffers from some amount of 
loss. In this case, these losses are 
caused by the drops across the diodes, 
the (limited) capacitance of the elec- 
trolytic capacitors, and the on-resis- 
tance of the MOSFETs. Owing to these 
losses, the output level of the pump is 
not twice the car battery voltage, but 
about 1.85 times under no-load condi- 
tions and around 1.5 times when a 
current of 4A is drawn by the load. 
This means that the efficiency varies 
from 91% under no load conditions to 


FA 


K1 


K2 


BAT 


75% at maximum load. 

The switching transistors are con- 
trolled by a timer, IC, which is con- 
figured as a rectangular-wave genera- 
tor. The generator frequency is deter- 
mined by R3, Ry and Cy; with values of 
these components as specified, it is 
about 3 kHz. Diode Dy» ensures that 
the on and off periods are about equal 
to give a duty factor of around 0.5. It 
should be borne in mind, however, 
that the switching times of transistors 
play a significant role. Those of the 
BUZ11 used in the booster amount to 
a few microseconds. To prevent both 
transistors briefly conducting simulta- 
neously, which would result in large 
short-circuit currents, a dead period 
has been provided around the switch- 
over times. 

Optimum control of the transistors 
is provided by a network consisting of 
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Rs, Rg, Cs, Cg, D3 and Dy. The figure 
inset into Figure 2 shows the voltage 
variations at the gates of the MOSFET. 
It will be seen that the transistors are 
controlled by 130 4s wide pulses. Each 


C7 .., C14 = 8x 2200) | 35V 


Ri2 


15k 
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IC2 = LM393 


S70055 - 11 


4 


pulse is followed by an interval of 
30-50 xs, provided by network 
R,g-Rg-C5-C,, during which neither of 
the gates is driven. Only when the 
interval (i.e., dead period) has clapsed, 
does a pulse arrive to drive one of the 
transistors into conduction. 
Comparator IC, is here used as 
voltage regulator. It likens the terminal 
voltage of the battery to be charged 
{connected to BAT on K3) with the out- 
put (OUT on K)). The comparator 
changes state (i.e., its output goes low) 
when Uoutr> Upart Up;: The R(eset) 
input of IC; then goes low, which 
results in the oscillator being disabled. 
The charge pump is reactuated only 
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when the potential across C);—C)4 1s 
less than 1.75 V (the threshold voltage 
of the LED) higher than the nominal 
voltage of the model craft battery. This 
ensures that the regulator has suffi- 
cient reserve in its operating range. 


CONSTRUCTION 

The booster is best built on the 
printed-circuit board shown in Fig- 
ure 3 (which is, however, not available 
ready-made). Owing to the large elec- 
trolytic capacitors and the requisite 
heat sinks, the booster is not small, but 
is, nevertheless, easy to build. Pro- 
vided that the wire bridges adjacent 
to C3, between Cy3 and Cy4 and 
between Cy, and Cj3 are not over- 


looked, nothing much can go wrong. 

The power transistors and diodes 
need suitable heat sinks: those for the 
diodes are slightly larger at 9 K W-! 
than those for the transistors at 
11K W"!. None of these components 
needs to be isolated from the relevant 
heat sink, but they should be provided 
with a good layer of heat conducting 
paste before they are screwed together. 
Note that in order to obtain a robust 
construction, the fixing pins of the 
heat sinks must be soldered on to the 
board. 

The remainder of the circuit is fit- 
ted on the other half of the board - see 
Figure 4. 

The yellow LED is used as a volt- 
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We are a mail order company and manu- 
factoring parts sets dedicated to ELEKTOR 
since 1985. The following sets included all 
required components : 

according to the componets list, 

fiton ELEKTOR PCB, 

in high quality from major manufacturer 

ELE TOR-PCB/sottware, 

IC-sockets. 
The sets included not description, mains 
transformer and enclosure. 


Kits are available! 


exadec, keybd for 
974012 Digital tester = 
974019 Active windscreen wiper £ 
974024 Switch mode power supply £ 
974025 Selective door chime £ 
974041 Speen motor controller A 
Vy 
£ 
£ 


974042 AGB video amplifier 
974054 Musical touch tones 
974077 Supply board 

974078 Mains on delay circuit 
974100 Stand-alone-MIDI-synthesizer 

ard £ 27.42 


yc c 
970028 LRC-meter £163.67 
970028 enclosure-set £ 47.40 
970039 Temp.volt. cantr, for DMM £ 7.57 


970045 RC biswitch £ 14,08 
970046 Earth leackage meter 
incl, case 435 £36.97 


970048 800537 single board computer 
w/o IC 2, incl, software and battery £ 91,63 


972015 Mini progr. EEPROM P 520 
972016 Mini progr. PIC £ 4.70 
976005 Software remote control £ 7.50 
976007 So ini programmer £4.80 


incl. enclosure E440 wio DVM & 46,96 
3.5 digit LCD DVM module £ 6.40 
970041 Long distance IrDa £ 38.89 
970042 4-channel logic analyser £ 6.18 
970043 Compact 50-watt audio amplifier 
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Inh. Georg Stippler 

P.B. 1109 D-86656 Bissingen / GERMANY 
Tel. and Fax -49 9084 463 

eMail 09084463-0001 @t-online.de 


craft. 


tery. 


omitted, 


FINALLY 
The booster must be inserted between 
the car battery and that of the model 


age reference, and the red one indi- 
cates whether the booster is operating 
from a high enough voltage. 

The 20 A fuse is a final protection 
for the power transistors should a 
short-circuit occur. 


Connect the car battery leads to K, 
and link the supply lines of the 
charger to K; (OUT and 0), 

Link the BAT terminal of K3 to the 
+ve terminal of the model craft bat- 


It is recommended to house the 
booster in a robust polythene case. The 
red LED should then be located on the 
front panel. If there is no need for a 
visual indication, this diode may be 
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incl heatsink w/o power supply £ 66.71 
970043-N Power supply “ocak, 8915 


960112 Digital thermostat = 57.33 
970022 2-wire domestic alarm system 
wid _ enclosure £ 35.43 


970031 Optical/coax converter eT ae 
970036 Universal power supply = £_ 12.58 
960096 Electronic fuse £ 27.93 
970003 Battery-operated AF- 

signal generator £ 22.03 
970006 Battery simulator £ 17.82 
970010 Eprom programmer £ 34.83 
976003 Software £ 14.85 


970037 uC 


ontrolled mixer-board £ 74.96 


960094 Battery-operated AF-amp. £153.55 
UC 202 enclosure £ 26.28 
960095 Motor contr. f. R/C models £ 33.42 


970007 Mini LED running light £ 6,72 
970008 68HC11 emulator £ 78.67 
970009 Self-inductance meter £ 21.05 

£ 24.55 


970015 "Speaking doorbell" 


960089 Dongle switch incl. case £ 13.12 
960100 Magnetic-field meter incl.case 22.63 
960113 Speed regulator incl. enclosure 


and knobs £ 29.55 
970001 Monitor to guard fridge temprature 

incl. enclosre £ 26.01 
966022 Small workshop disc £ 10.00 
976003 Software compatition 


£ 15.80 


amote control by visible light 


w/o case, battery, brass 23.18 
KM 14 enclosure £ 2.35 
960082 Guitar-effects switch £ 35,79 
960098 RS 232 data aquisition card 

incl. software 956508, 956018 £ 39.42 


960106 Primary-battery refresher £ 24,51 
960110 20-bit A-D converter 

incl, mains transformers £169.03 
964010 Radio failure protection £ 6.88 
964031 AC-m\V-adaptor incl. case £ 10,96 
964062 Electrically isol. (2G bus €£ 12.43 
964070 Mains voltage cleaner £ 25.49 
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964079 Battery indic. LED incl. case 8.82 


964082 EMI tracer E 17.57 
964088 Stroboskop f. motorcycles £ 24.38 
964089 Capacitance comparator £ 11.62 


960079 50 Watt AF-amplifier 

wio power supply incl. heatsink £ 22.48 
960087 Noise-generator each: £ 10,42 
-A aircraft -B helicopter -C steam-engine 
960105 ST6-programmer incl.966018 39,12 
960107 = [rDA-interface wio option 
incl. enclosure, software 966020 £ 32.63 
960107-0 Parts "optionally" £ 3.76 
960109 Headphones amplifier £ 12,03 


960071 Thrifty crystal oven incl. trans- 


former and tin-plate frame £ 21.92 
960075 Mini metal detector 
incl.M1 and wire wio search coil £ 20.04 


960076 Video test chart generator incl. 
transformer, modulator, software £107.73 
960078 Mini flash programmer incl. Disk 
966015 and test socket £ 36.32 
960086 Dark room timer incl. transformer 
and enclosure E 430 £ 32.31 
960091 Electric-bulb tester £ 10.22 
960093 Sampling rate converter 
incl. 966511 and X1=39.8688 M £102.41 


960010 Digital min‘max thermometer 
incl. case HE 222 £ 43.42 
960051 Power limiter incl. heatsink £ 11,60 
960063 Stand by unit incl. transf. £ 31.99 
Enclosure SG 435E £13.19 
960085 Digital compass incl, case £ 52.99 
960090 AS232 interface for ICL 7106 


incl. disk 966016 and ICL 7106 £ 21.18 


930096 = Solar-charging regulator 
incl. case (metal). heat sink, £ 35.60 
936010 Symmetrical power supply 

incl. mains transformer, heat sinks, 


switch, insulated terminals £ 16.18 
936024 Harmonic distortion meter 
incl, 1%-capacitors, enclosure £ 27.56 
936037 Grid dipper 
incl. enclosure typ 1590C, moving coil, 
Nees. GrGerr ae 


All prices in £ without 15% VAT { 
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knobs, screws, without coils £ 61.84 
964039 50 MHz decibel-milliwatl meter 

incl, case 1590B £ 96.92 
964040 Battery capacity tester £ 18,34 


960077 Flash-Eprom programmer 
emulator without Eprom £63.97 

960077-K Flatcable + connector £ 3.22 
29F010-12 Flash-Eprom £ 6.81 


960049 Subwoofer without LS, 
incl. components filter, amplifier, trans- 
er heat sink ais 47/100 £111.98 

960033-1 Logic analyser ; main ee 
16 channel incl. of all parts as probe 
clips, case RE1, IC4/5, disk £104.27 

Extension board without PCB incl, of 
all parts as 21, probe clips £ 48,91 

£ 15.90 


£ 29.51 
£144.51 
£ 12.09 


960033-2 PCB extension board 

960055 Mains voltage monitor 
incl. transformers, case E 411 

950098 Digital VU meter 
Enclosure LC 750 
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The article describes 
an instrument that is 
likely to become a 
standard unit in the 
toolbox of many elec- 
tronics technicians. It 
functions not only as 
a standard acoustic 
continuity tester but 
also as a kind of wire- 
less speedtester with 
which it suffices to 

merely touch the 
device to be tested 
with a finger. Its user- 
friendliness is further 
enhanced by its 
knob-less switch-on 
system and an econ- 
omizing automatic 
switch-off system. 


Design by U. Laag 


continuity tester 


dual 


| 


INTRODUCTION 

The tester consists of a combination of 
two circuits that strictly speaking could 
be separated from one another. It is, 
however, the fact that they are com- 
bined that makes the tester such a use- 
ful unit. 

There is nothing special about the 
part of the circuit that functions as the 
low-impedance continuity tester. [tis a 
fairly standard test circuit that is use- 
ful in tracing bad connections, breaks 
in PCB tracks, unreliable connectors, 
and wiring errors. However, in this 
application, light-bulbs, relay sole- 
noids, and diodes, are not considered 
‘true’ connections. This is because the 
tester responds only to paths that have 
a resistance <5-15 Q. The exact level 
can be set with a potentiometer. It 


should be noted that the test voltage is 
low, so there is no risk of damaging 
sensitive components or parts. Find- 
ings are made audible by a piezo 
buzzer. 

The speedtester is rather different. 
It, too, is a continuity tester, but is 
intended for the rapid checking of, say, 
a motor winding or a light-bulb. A spe- 
cial aspect of it is that testing can be 
carried out without the use of leads: 
owing to its high-impedance character, 
the test may be made by hand. One 
test pin of the speedtester may consist 
of a screw or metal lip against which 
one of the terminals of, say, the light- 
bulb is pressed. The other test pin is a 
metal strip or something like it that is 
touched automatically when the tester 
is held in the hand. If then the other 
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terminal of the light-bulb is touched 
with the hand not holding the tester, 
the high-impedance loop is closed (if 
the bulb is all right) and this is indi- 
cated by an LED. If this diode does not 
light, the bulb is faulty. 

The tester is powered by a standard 
9-V alkaline battery. The speedtester 
only draws current when the LED 
lights and this makes an on/off switch 
superfluous. The low-impedance con- 
tinuity tester is switched with the aid 
of an additional terminal. If this ter- 
minal is touched by one of the test 
pins, it does not matter 
which, the circuit is switched 
on for about 3 minutes. After 
this period has elapsed, the 
tester is automatically 


switched off again. The 
3-minute period is length- 
ened by three minutes every 
time the buzzer sounds. In 
practical operation, — this 
arrangement has proved to be very 
convenient and economical. 


CIRCUIT DESCRIPTION 
The circuit diagram of the dual tester 
is given in Figure 1: it shows quite 
clearly that the design consists of two 
distinct parts. 

The circuit to the left of battery Bt, 
is that of the speedtester. In essence, 
it is no more than a very sensitive 
direct-current amplifier consisting of a 
darlington transistor, T,, and a com- 
mon-or-garden transistor, Tz, which 
drives light-emitting diode D9. 

Because of the very high gain of Tj, 
this transistor needs only a tiny base 
current to switch on: a fairly-high- 
impedance between input pins PC; 
and PC, is sufficient. The resistance of 
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human skin lies between a few hun- 
dred kilohms and a few megohms. So, 
just shorting the two inputs pins by 
finger will result in T, conducting and 
switching on T>, whereupon D5 
(green) lights. 

The remainder of the circuit is the 
standard low-impedance tester with 
automatic on/off switching. The test 
leads are connected to pins PC; and 
PC. When PC; is touched by one of 
the test leads, the collector-emitter 
junction of T, is shorted briefly by Ry; 
(possibly in conjunction with Rj5). This 
will cause T3 to conduct so that the 
battery is connected to the circuit. 
Since the potential at the non-invert- 
ing input of IC)4 is more positive than 
that across (discharged) capacitor C3, 


BC557B 


across Ryo, whereupon the output of 
ICjq goes low. Transistors T; and Ty 
gradually stop conducting; this process 
is accelerated by the potential across 
Rig dropping, which makes the output 
of ICjg go even lower. This process 
causes the supply to the tester to be 
switched off fairly abruptly after about 
three minutes 


CONSTRUCTION 

The printed-circuit board shown in 
Figure 2 makes building the tester 
pretty straightforward. [f nevertheless 
it does not work upon completion, 
inspect it carefully for any errors. If 
none is found, verify that the voltages 
on the board correspond with those 
given in the circuit diagram. Note that 


970020 + 11 


«& 4V3; (avs) 


«> 45 


the output of the op amp is positive. 
This means that Ty is switched on and 
maintains the base current of T3. 

The continuity tester proper is 
formed by comparators IC), and IC... 
The inputs of these stages are linked to 
resistance bridge P-Ry3-Ry;. This 
bridge is adjusted with P, to make the 
non-inverting input of IC), slightly 
more positive than the inverting input. 
When Rj; is shunted by a low-value 
resistance, the output of ICj,, and 
therefore the input of IC,., becomes 
more positive. The output of IC), then 
goes low and this causes buzzer Bz, to 
sound. 

When the level at the output of 
IC), has dropped below 75% of the 
supply voltage, the output of ICj, goes 
low, whereupon C; is discharged 
rapidly via D,. When the output of 
ICj, becomes high again, C, is 
recharged very slowly via Ry. After 
about three minutes, the potential 
across the capacitor is equal to that 


*& see text 


in the case of the speedtester these 
voltages apply only when Dy lights, 
and in the case of the low-impedance 
tester when the buzzer is actuated. 

Selecting a suitable case should, in 
view of the compactness of the tester, 
prove not too difficult. 

It may be convenient to link PC, 
and PC; to simple PCB mounting 
sockets for use with bananaplug ter- 
minated test leads. Test pin PC; may 
consist simply of a small screw fitted 
adjacent to these sockets. 

In the speedtester, PC, may be 
linked to an M3 screw protruding 
slightly from the case, while PC; may 
be linked to a small piece of alu- 
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minium on the outside of the case. 
This should be fitted in a position 
where it is always automatically 
touched when the case is held in the 
hand. 

The tester is calibrated by simply 
short-circuiting the test leads and 
adjusting P, until buzzer Bz, just 
begins to sound. If the connections 
to be tested have an impedance 
>15 2, they fall outside the range 
covered by Py. 

The speedtester draws a current of 
about 20 mA when D3 lights. Although 
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this appears rather high, bear in mind 
that most tests are very short, so that 
the overall drain remains low. 

If a higher battery life is desired, 
use of a high-efficiency LED should be 
considered. If this change is effected, 
the value of R; must be x10 greater. 

The low-impedance tester draws a 
current of about 3.6mA when the 
buzzer sounds and 2.0 mA otherwise. 

Even when the tester is used regu- 
larly, a 9-V battery should last about a 
year. 

[970020] 
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Centronics relay card 


do more with the PC printer port 


A relay is still one of 
the simplest devices 
for switching large 
electrical loads with 
the aid of a relatively 
small amount of 
energy. Since a com- 
puter is perfectly suit- 
able when it comes 
to generating switch- 
ing commands 
according to a certain 
pattern, the combina- 
tion of aPC anda 
number of relays 
results in a multi-pur- 
pose, flexible, switch- 
ing system. The relay 
card presented in this 
article is the safe link 
between the PC’s 

parallel port and 
other equipment. The 
fact that the port may 
be controlled with 
very simple com- 
mands allows you to 
experiment with the 
circuit to your heart’s 
content. 


Design by K. Walraven 
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A compact circuit board, accommo- 
dating no fewer than eight relays 
which can be switched as you desire, 
using simple print commands; that’s 
basically what this project has in store. 
The relays used are types with a 
changeover contact, so that normally 
closed (n.c) or normally open (n.o) 
contacts may be implemented, 
depending on the connections you 
make. Because all components are fit- 
ted on a single board, with the excep- 
tion of the mains adaptor, a compact 
circuit is obtained, while the risk of 
construction errors is minimized. The 
software side of things has been kept 
very simple, too: in fact, you only use 
the LPRINT statement in BASIC. 


Installing and connecting the card is 
also a piece of cake: hook it up to the 
printer port and Bob's your uncle. 

This relay card is without doubt a 
project which enables anyone to turn 
his‘her computer into a_ versatile 
switching unit. Its application, by the 
way, need not be restricted to an MS- 
DOS PC; any computer having a par- 
allel printer port should be able to con- 
trol the circuit. 


How IT’S DONE 

The protocol used by the Centronics 
(or ‘parallel printer’) port is really quite 
simple. The port consists of an 8-bit 
databus and three control lines. In 
most cases, only two of the three con- 
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trol lines are used, The computer 
employs the strobe signal to indicate 
that the data on the databus are stable 
and valid, while the peripheral device 
(a printer or, in this case, a relay card), 
uses the busy and/or acknowledge line 
to inform the computer that a com- 
mand has been received and executed. 
A rundown of the communication 
process is shown in Figure 1. Because 
the computer may process either the 
busy or acknowledge signal, both 
options are catered for by the relay 
card. In other words, it generates a 
busy as well as an acknowledge signal. 
Although the Centronics bus com- 
prises a number of so-called status 
lines, these are not used here. For the 
present application, only the part that 
arranges the data traffic is essential. 
This traffic complies with the follow- 
ing protocol: the PC puts the data- 
word on the 8-bit wide bus (pins 2-9), 
and then waits (min. 0.5 4s). Next, it 
pulls the strobe line (pin 1) logic low. 
After another small delay of at least 
0.5 us it returns the strobe line to logic 
high. This causes the peripheral (i.e. 
our relay card) to copy the dataword. 
The PC should leave the dataword 
unchanged for at least 0,5 us. 


Fi 5VG) 
Rr [R15 R13 RI6 
Lad t s ind 
= = 2] |] 
= = =| /2 
SELECT ——» 
; STROBE Ri 


STROBE l J 
1 " 


BUSY f | 
> 


1N4001 
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Returning to the actual hardware, 
the circuit diagram of the circuit is 
shown in Figure 2. Apart from the 
power supply, the entire circuit con- 
sists of just three elementary inte- 
grated circuits, The eight databits (D0- 
D7 on the printer port) are latched by 
ICL, a type 74HCT273. Pin 11 of this IC 
receives the strobe signal supplied by 


1C2 = 74HCT74 
(C3 = ULN2803 
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the printer port, while the CLR input 
(pin 1) is controlled by an internally 
generated reset signal furnished by R2 
and Cl. The rising edge which marks 
the end of the strobe pulse causes the 
latch to transfer the information at the 
D inputs to the associated Q outputs. 

A dual bistable type 74HCT74 is 
used to generate the control signals, 
busy and acknowledge. IC2b is wired 
as a monostable multivibrator (MMV). 
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Tt receives a clock 
pulse on the rising 
edge at the end of 
the strobe pulse, 
when a logic | is 
read by the D 
(data) input. Con- 
sequently the QO 
a, output goes high, 
and the Q output, low. Because 
the Q output was logic high after the 
circuit was on, capacitor C4 is rapidly 
charged via R3 and D1. This keeps the 
reset input of IC2b logic high, so that 
the MMV remains inactive. Because 
the Q output drops low after the 
strobe signal, capacitor C4 will be dis- 
charged via R4, This process continues 
until the level at the reset input rep- 
resents a logic low, whereupon the 
bistable is set. The whole process takes 
about 15 4s to complete, which is more 
than sufficient for an acknowledge 
pulse. The busy signal is generated vir- 
tually in parallel with the acknowledge 
pulse. The process involves the 
set/reset inputs of bistable [C2a. Dur- 
ing the strobe pulse, the set input is 
logic low and the reset input, high. 
Consequently the Q output is pulled 
logic high. The computer then sees a 
logic high busy signal. At the end of 
the strobe pulse, the set input of IC2b 
is returned to high, and the reset input 
to low via the Q output of IC2b. The 
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bistable is reset, and the busy signal 
becomes inactive. 

Because the digital outputs of IC1 
are not capable of controlling a relay 
coil, a series of current boosters 
(buffers) is connected behind the IC. 
These buffers do provide the current 
necessary to operate a relay reliably. 

The buffers are contained in [C3, an 
ULN2803 integrated circuit (from 
Sprague). They are actually transistor 
drivers with an open-collector output. 
Each of these outputs is capable of 
energizing the Siemens ‘E-card’ relays 
on the board. Each relay coil has a 
shunt diode which protects the switch- 
ing transistors against voltage surges. 
Also in parallel with the relay coils are 
LEDs which provide a visual indica- 
tion of the relay contact status. If the 
relevant driver transistor conducts, the 
relay is energized and the associated 
LED comes on. 

As already mentioned, the card has 
an internal reset network, R2-C1. Man- 
ual resetting is made possible by the 
addition of $1. Four pull-up resistors, 
R13-R16, force a logic high level on a 
number of printer port inputs (error, 
select, reset and +5 ¥). 

That only leaves the power supply! 
Diode D18 acts as a polarity reversal 
protection, while 1C4, an 7805, changes 
any direct voltage between 8 and 18 V 
into a stable supply potential of 5 V. 


CONSTRUCTION 

Building this circuit is unlikely to cause 
problems if you use the ready-made 
printed circuit board supplied through 
our Readers Services. As you can see 
in Figure 3, the board design is pretty 
spacious which makes fitting the parts 
really easy. It is recommended to start 
the construction by fitting the wire 
links so that these are not forgotten 
later. Next, mount the connectors, the 
passive components and the semicon- 
ductors, in that order. Having fitted 
the reset button, the circuit is ready for 
use, that is, as far as the hardware is 
concerned. 


ALL LEDS REMAIN OFF 
Give the completed printed circuit 
board a thorough check before you 
start testing it. Switch off the computer, 
connect the circuit to the PC's printer 
port (LPT1:) and make sure the relay 
card is properly powered by a mains 
adaptor. Next, switch on the computer 
and see what happens. If everything is 
all right, all LEDs will remain off. No 
light, good light, in this case! 

In rare cases the acknowledge 
pulse may be too long at 14s. Should 
this problem occur, the value of C4 
may be reduced, observing a mini- 
mum value 100 pE 

Next, launch GW-BASIC or OBA- 
SIC and type in one of the example 
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PRPS ieirirhecticer Son re ony 


; ‘push: 

| eto) tales Gonkack 

“RelsRed = E-Card relay, 124, 1 

__ changeover contact, eg. 'V23057 

~ BQ0O2 A201 (Siemens) 

PCB 970053-1 (see. Faaenats: iil : 
 eantinaue Heise HE 


programs. After running such a pro- 
gram, it may be halted (after some 
time) by pressing the Esc(ape) key. 
Because the relay card mimics an ordi- 
nary printer, OUT instructions are not 
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necessary, and you can rely on the 
usual way of printing. 

The actual control is very simple 
indeed using the ‘LPRINT CHR$(x);’ 
instruction offered by QBASIC, where 
’x’ is a number between 0 and 255. In 
this syntax, CHRS serves to convert a 
decimal number into a byte. The 
instruction LPRINT then sends the 
result to LPT1. Do not forget the semi- 
colon {;} in the instruction, else another 
CR-LF (carriage return/line feed) 
sequence is sent after the hexadecimal 
character. This sequence overwrites the 
previously sent data. The hardware in 
the computer ensures that data is 
being sent to the printer port, and that 
the strobe pulse is generated. 

Lots of projects may be developed 
out of the example programs shown 
here. 


THE ADVANCED 
APPROACH 

Although many of you will not fail to 
see the beauty of simplicity when it 
comes to controlling the card in soft- 
ware, advanced programmers will 
want to go further. The use of the 
OUT instruction provides additional 
possibilities to the programmer, for 
example, the use of multiple printer 
ports. The following sequence is rec- 
ommended: 


Step 1: de-activate the strobe output 
by writing ‘0’ to address 37Ay, (if you 
use LPT1:) or 27Aq, (if you use LPT2:). 
Doing so causes the strobe output 
(pin 1 of the printer port) to change to 
‘1’. Summarizing, use the instruction 
OUT 37AH,0. 


Step 2: write data to address 378), 
(LPT1:) or 278), (LPT2:). These data 
will appear (in non-inverted form) at 
pins 2-9 of the printer port, where 
pin 2 represents the LSB (least signifi- 
cant bit). Summarizing, use the 
instruction OUT 378H,x. 

Step 3: generate a strobe pulse by writ- 
ing a ‘I’ to address 37A,; (or 
27Ay)-This causes the strobe output 
(pin 1 of the printer port) to drop low 
(‘0’). Summarizing, use the instructions 
OUT 37AH,1 followed by OUT 
37AH,0. 


MAINS VOLTAGE 
SWITCHING 

The relay card is not designed to 
switch the mains voltage (240 V). 
Although the electrical ratings of the 
relays do allow the use of the mains 
voltage, the PCB layout and the isola- 
tion distance of the PCB terminal 
blocks are the restricting factors. Low 
voltage can be switched without prob- 
lems, however. When alternating volt- 
ages are used, the relays can switch up 
to about 4 A. In the case of direct volt- 
ages, the maximum ratings are about 
10A at 20V, and 1A at45V. 


{N7OWS-1) 


Simple running lights 
ALSO FOR 


REM SIMPLE RUNNING LIGHTS, 
TESTING THE CARD 

DO 

LPRINT CHR$(1); 

LPRINT CHRS$(2); 

LPRINT CHRS$(4); 

LPRINT CHRS(8); 

LPRINT CHR$(16); 

LPRINT CHR$(32); 

LPRINT CHRS$(64); 

LPRINT CHR$(128); 

LOOP UNTIL INKEY$=CHRS$ (27) 
END 


8-bit counter 
REM BINARY COUNTER 
DO 
FOR X=0 TO 255 
LPRINT CHRS$(X); 
FOR ¥=0 TO 1000: 
NEXT Y 


IF INKEY$=CHR$(27) THEN EXIT DO 


NEXT X 
LOOP 
END 


Random contact switcher 


REM RANDOM GENERATOR 
DO 

X=255*RND 

LPRINT CHR$(X); 


FOR Y=0 TO 1000: REM DELAY LOOP 


NEXT Y¥ 


IF INKEYS=CHR$(27) THEN EXIT DO 


LOOP 
END 
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REM DELAY LOOP 


The electronic code lock described is 
straightforward to build and may be used for 
a multitude of purposes. All components 
used are readily available from most electron- 
ics retailers. The code consists of six digits 
which are entered via a small keypad. The 
output of the lock is enabled only if the 
keyed-in code is correct. 


Design by H. Kutzer 
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INTRODUCTION 

Electronic code locks may be arranged 
in a number of ways — of late, most of 
them are based on a microcontroller, 
but unfortunately not everyone has 
the means to program these. Others 
use dedicated [Cs that simplify their 
design, but these devices are invari- 
ably difficult to obtain. The lock 
described in this article uses standard 
components. 

The code is built up from six digits 
entered via a keypad. These digits may 
be chosen at random and may occur 
more than once (which is not possible 
in all locks). When the code has been 
entered, the output is enabled when 
the ‘unlock’ key is pressed. 


by key-switches $)-5)5, which may be 
standard push-button types arranged 
appropriately, or be contained in a 
suitable keypad. If the latter is used, 
#-key 5, functions as the ‘unlock’ key. 
For this purpose, the key is linked 
directly via the keypad connector to 
the output gate of IC)4. The keys are 
mutually decoupled by diodes D)-D)». 
The *-key, 5;3, may be used as a spare 
entry key or as a reset key by linking 
it to AR. 

The coding module is marked in 
the diagram with ‘socket 1’. Depend- 
ing on the relevant code, its inputs 0-9 
are linked to outputs Ay-Ag. Unused 
keys are linked to AR. 

The design is based on monostable 


The mono time of IC3, is about 
20 milliseconds. The internal output 
resistance of this MMV (pin 10) and 
capacitor C; form a low-pass filter. 
This filter delays the clock signal to 
the counters with respect to the 
period when the counters are 
enabled, This means that when the 
first digit is entered output Q, of ICy 
goes high. If the digit is correct, out- 
put A, of the coding module also 
becomes high, Consequently, the out- 
put of NAND gate [C3,, which is 
linked to Aj, briefly goes low and the 
output of IC; momentarily becomes 
high. This high pulse is ‘cleaned’ by 
low-pass filter R3-Cy, which is possi- 
ble since the clock input of a 4017 
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The code is pro- 
grammed in with the 
aid of a coding module 
that is made simply 
from an JC socket 
which has been wired 
appropriately ~ see Fig- 
ure 4. 

Owing to the use of 
CMOS ICs, the lock draws a very 
small current: the quiescent current is 
only 0.6 wA, so that battery operation 
is no problem. 


CIRCUIT DESCRIPTION 
The circuit diagram of the lock is 
shown in Figure 1. The code is entered 
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multivibrators (MM¥Ys) 
IC, and IC3, and dec- 
imal counters ICy and 
IC;. When the circuit is 
in its quiescent state, 
the Q-output, pin 7, 
of IC3, is high and both 
counters are in the reset 
state. When one of the 
keys is pressed, both MMVs are trig- 
gered, whereupon the counters change 
state. Capacitor C; debounces the keys. 

The time constant (mono time) of 
IC,, is about 2 seconds during which 
time the counters are enabled. Each 
subsequent key operation adds a fur- 
ther 2 seconds, so that after 12 seconds 
the circuit is in the ‘accept’ state. 


4 PA . ic2d | 
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behaves as a Schmitt trigger. 

Circuit action for the subsequent 
digits is the same. If all digits entered 
are correct, output OQ, of IC; goes high 
when the sixth digit is keyed in. When 
‘unlock’ key # (S4) is then operated, 
the OUT(put) of IC,4 changes from 
high to low. This change of level may 
be used, for instance, to energize a 
relay that in turn operates a door 
opener or similar. 

The circuit is reset by IC3, two sec- 
onds after the sixth key has been oper- 
ated. 


SAFEGUARDS 
To make unauthorized operation of 
the lock virtually impossible a number 
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of safeguards have been incorporated 

into the design. 

* When a digit not forming part of 
the code is entered, the level at out- 
put AR of the coding module 
changes from low to high, which 
causes the two MMYVs to be reset 
instantly. 

* To ensure that counter IC, cannot 
run on at undesired instances, for 
instance, when a digit forming part 
of the code is entered repeatedly, 
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pin 6 of IC, (Q;) is interlinked with 
ENA(able) input pin 3. 

* The interlinking of pins 9 and 11 of 
IC3, makes retriggering of the 
MMV, for instance, by rapid press- 
ing a key a number of times, impos- 
sible. 

* The resistors in array Rg ensure that 
the levels at the inputs of the 
NAND gates in IC, and IC, are 
defined at all times. 


CONSTRUCTION 

The code lock is intended to be built 
on the two printed-circuit boards 
shown in Figure 2. One of these is 
intended for the 12 push-button keys 
and may be replaced in its entirety by 
a ready-made keypad. The second 
board is intended to contain the 
remainder of the circuit. 

In view of the small number of 
components, completion of both 
boards is simplicity itself and should 
not take more than half an hour alto- 


gether. Do not forget the wire bridges 
and make sure that the ICs and elec- 
trolytic capacitor Cs are fitted correctly. 
Also, note that the mark on array R3 
indicates the common link of the resis- 
tors and that this should be facing Cy, 
The completed prototype boards are 
shown in Figure 3. 

The boards are best interlinked 
with the aid of 13-pin SIL connectors, 
one (male) fitted on the mother board 
and the other (female) terminating a 
length of 13-way flatcable soldered to 
the relevant terminals on the keypad 
(or board). Both boards have provision 
for a number of through-spacers (not 
shorter than 10 mm) by which they 
can be assembled as a sandwich. 

The final assembly and housing of 
the lock depend, of course, on the 
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application. 

Power may be derived from a 9-V 
alkaline battery, The quiescent current 
is about 0.6 wA and the operating cur- 
rent during the short periods when a 
key is operated is 1.6 mA. 


CODING MODULE 
If it is expected that the code will be 
altered regularly, it is advisable to use 
a heavy-duty 20-pin IC socket. The 
code number is set at the upper side of 
the socket with wire links. It is advis- 
able to start the links by connecting 
the unused pins to pin 9. These con- 
nections may be made in thin stan- 
dard circuit wire. The coding links 
should be made with 0.1-0.2 mm dia. 
enamelled copper wire. 

Figure 4 shows an example of a 
coding module arranged for code 
number 322761. Digit 3 is obtained by 


Code = 322761 
11 


970023 - 12 
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interlinking pins 1 and 3, digit 2 by 
interlinking pins 17 and 4, 5, and so 
on. Note that since digits 0. 4, 5, 8,9 
and * are not used in the code, the rel- 
evant pins are connected to pin 9 (out- 
put AR). Any other 6-digit code can be 
programmed by appropriate links 
between the various pins. 


1970023] 


In passing ... 


A few days ago my wife phoned 
work, She wanted to play one 9 
favourite CDs, but could not get 
player to work. “Which knob de 
to press”, she asked. Of course, 
problem was solved quickly enot 
it made me reflect, rather di 
on what I read some time ago in. 
azine. In a short article, the a 4 
man) maintained that electronic equi 
ment, cars, cameras, and others, ar 
designed by men for men. 
I wondered then, and some days ago 
again, if that was really true. Do men in 
the design of equipment make the oper- 
ating controls needlessly intricate, and 
could this be prevented with some fem- 
inine insight? Earlier, I had dismissed 
the thought as being very unlikely. But 
the telephone call from my wife threw — 
up fresh doubts in my mind. Were those 
symbols on the operating controls of our 
CD player really clear to everyone? 
Should a designer expect that every user 
clearly remembers at all times what the - 
function of a tape monitor or mute con-— 
trol is? 
That evening I went home with 
mixed feelings on the subject. Had all 
the equipment at home really been 
designed with only ‘superior males’ in 
mind? When I got home, I immediately 
confronted my wife with these. doubts. 
Why did she think she was not. able to 
get the CD player to work? Were there 
any typical male-inspired flaws in the 
design or layout of the operating con- 
trols? 
She looked at me in surprise. “I 
don’t think there is anything wrong with 
the equipment”, she said, “it’s just that 
I don’t use it all that often and, to tell 
you the truth, it doesn’t interest me 
much”, 
“But what would you have done if I 
had not been there to help you”, I 
asked, since I wanted to get at the bot- 
tom of it. 
“Well, I would probably have put the 
radio on”, she said laconically. 
“And would you have been happy 
with that?”, I asked. pce 
“Oh, yes, of course, don’t: worry 
about it”, she said. 
I left it at that, but I must confess 
that I still don’t know whether the writer 
of the magazine article had a point. I 
keep wondering about it. 
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- PCB + PIC ($56502-1; 950114-C 44.25 88.50 
1 956502 35.50 71.00 
950093-6 44.50 89.00 
956914-1 24,50 49.00 
- control software on disk = 956016-1 10.00 20.00 
clive potentiometer 954099-1 950 19.00 
aler 954080-1 5.75 1150 
probe 954093-1 8.00 16.00 
Two-way PC-Fax Interface 954033 11.75 23.50 


NOVEMBER 1995 
PIP Processor 


- PCB + 87051 (986505-1) 54.75 109.50 


- 87051 1.50 
21.50 
49,50 
Joggirg LED 14.00 
Oscilloscope prescaler 9501 15-1 55.50 
OCTOBER 1995 
MaichBox BASIC computer 
- PCB, 87051, disk and 
Quick Reference Card 95001T-C = 9.25 118.50 
- 87051 956508-1 43.50 87.00 
- Course dskette (00S) 956009-1 11.50 23.00 
- Quick Reference Card 9500°1-P 3.25 6.50 
SEPTEMBER 1995 
Hi-Fi teadprone anplitier == 950064-1 500 10.00 
Dongle safe 
950069-1 12.75 25.50 
9565 11-1 10,00 20.00 
-G } 956512-1 11.75 23.50 
HexFET powe* amp upgrade 
- amplifier PCB 930102 12.75 25.50 
Copybit eliminator update 
- PC8 + MACH (956506-1) $50084-C 40.50 81 00 
- MACH IC 956504-1 36,50 73.00 
RF tone-dip oscillator 950095-1 §.25 10.50 
JULY‘/AUGUST 1995 
Simple AF function generator 950029-1 7.50 15.00 
Alkali‘Manganese batlery 
charger 950065-1 6.75 13.50 
Fast charger for NiCd batteries 
- PCB + STK2T20 (956609-1)950076-C 22.75 45,50 
- ST62T20 966509-1 14.76 29.50 
Simple |'0 card 954074-4 11.50 23.00 
JUNE 1995 
Function generator 
- PCB 950068-1 29.50 59.00 
- Front panel ‘oil 950068-F 17.75 35.50 


Electronic sandglass: 


- PCB + 870751 (946647-1)950052-C 26.25 5250 

- 870751 9466471 17.75 35.50 

Aute light control 950050-1 475 950 

VGA distribution amplifer 950077-1 10.00 20.00 

MAY 1995 

MID! analyser: 

- PCB + EPROM (956507-1:940020-€ 34.25 68.50 
EPROM 956507-1 16.75 33.50 

Prograimer for 8789C51 

Series Fiash controllers 

- PCB + EPAGM (956644-11950009-C 26.50 53.00 

- EPROM 946644-1 14.60 2900 

Praurammaole sine wave genorato’ 

-PCB + disk (956005-1} 950004-C 19.50 39.00 


39.0 
- contro. software on cisk 956005-1 1225 24.50 
NiCd battery-quality tester 
- PCB + ST62715 (S56506-1)950051-C 25.25 50.50 
1 


- $762715 956506-1 4.25 36,50 


APRIL 1995 
Sun blied contral 


For availability of older ites. please cuntact our 
Dovcrester otfice 


Elektor Electronics slipcase 


Price £2.95 +P&P 1£1.50 UK . £2.00 outside UK} 
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F.0. Box 1414 


design offering an EPP/SPP The PCB whose artwork is print- 
selection in the BIOS, itis rec- ed here is not available ready- 
ommended to use the designas }=9made through our Readers 
published in the March 1997 — Services. 


issue. 
— —, $Ocsta kam: | 
oO OFR3 0 OFR5 O — 
& 6 O O;+ ) 
ic. po = P@ataglel | 
Tliss =. ns oo es 
| ° a = a 
Unidirectional version of cng — © |; 
EPROM Programmer eo 
\y,a” 
oOo 1 
The EPROM programmer pub- Oo” oo 
lished in your March 1997 maga- | = = as 
zine can only be used with PCs a os 
whose printer port can be set to ail a2 
EPP mode. My PC is a rather old a °° 
type with just an SPP port. Reluc- — es 
tant to invest in an extra insertion - 20-40 oo 
card, | designed a printed circuit = i eri, ° oO 
board for the unidirectional version 099009009 Gc 
of the programmer, as described . . 2. 
by the author, Mr. Rijfkogel, on the MoM MoM Mole) Fa oo f 
‘Software for Electronics 96-97’ 001109 
CD-ROM which | obtained from 
Elektor Electronics. 


Since this PCB design may be of 
interest to other readers of your 
magazine, | am pleased to offer it 
for publication at your earliest con- 
venience. ByteWriter 
P. Heck 


We are very grateful for your 
PCB design as we believe this 
may help several readers wish- 
ing to build the unidirectional 
version of the programmer. 
There is also a small modifica- 
tion in the circuit diagram (with 
respect to the one found on the 
CD-ROM), so we'd better print 
that as well. 

A built up circuit board sent to 
us by Mr Heck was tested in our 
design laboratory and worked 
perfectly on several computers 
(including desktop machines and 
one laptop), using SPP made 
printer ports and, of course, the 
software that may be found on 
the CD-ROM (PROMMER.EXE)}. 
So, if you have an older PC, this 
may be a good work around. 

if your PC is of a more recent 
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68HC11 Emulator 
February 1997 - 970008 


if the reset does not work prop- 
erly itis recommended to fit a 
100-nF capacitor near C5, 
between pins 1 (REF) and 4 
(ground). 

In case there is insufficient room 
for C10 (located inside the sock- 
et), then this part (preferably 
SMA) may be fitted at the under- 


(i) 


Elektor Electronics 


R19,R20 


EPROM BOARD 


side of the board. 


Earth Leakage Meter 
June 1997 - 970046 0 


The article states incorrect type 
numbers for the inductor cores. 
Although this does not affect the 
operation of the circuit, prob- 
lems may arise when the circuit 
iS built into the specified case. 

The correct core type is: 


RT (Array? 


, ae OF 


+suf hh 


TN26/15/10-3C71, 
(Philips Components) 


A)=5uH 


Advanced LCR Meter 
April, May, June 1997 - 970028 


Crystal X1 has to be suitable for 
oscillation at its fundamental fre- 
quency (24.576 MHz). A number 
of kit and parts dealers appar- 
ently supply third-overtone crys- 


UNIDIRECTIONAL INTERFACE 


tals, which produce oscillation 
at 8.192 MHz in this circuit. The 
frequency measured at the 
adjustment point on the PCB is 
then 4.096 MHz. The problem 
may be solved by changing C1 
to 68 pF, and shunting it with an 
L-C series network consisting of 
a 1-niF capacitor and a 4./-uH 
inductor. These parts are fitted 
at the underside of the board. 


FSSOR CONTEST 1997 


the available prizes (with a total 
found on pages 6-10 in the 


More | 
than nila 
18,000 top eT 
ELECTRONICS 


quality 


products 


Available from Ist September 1997 


for the | 


enthusiast 
— — 


Order now on 01702 554000 


